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1.0  INTRODUCTION 

Sediments  are  the  principal  reservoir  or  sink  for  persistent  toxic  chemicals  in  aquatic 
systems.  An  increasing  emphasis  on  studies  of  the  distribution,  geochemistry  and 
biological  effects  of  persistent  toxic  substances  in  sediments  of  the  Great  Lakes  basin 
has  occurred  since  1970,  when  mercury  contamination  of  sediments  and  fish  in  Lake  St. 
Clair  was  publicized  and  became  a  matter  of  disquiet  at  both  public  and  governmental 
levels.  However,  there  is  not  yet  a  consensus  on  methods  of  interpreting  such  data  in 
order  to  evaluate  sediment  quality  and  characterize  toxic  substance  problems  on  a 
consistent  basis. 

A  number  of  protocols  for  sediment  quality  evaluation  have  been  developed  over  the 
previous  ten  to  15  years  in  North  America,  primarily  in  response  to  concerns  over  toxic 
substances  in  dredge  spoils.  Beak  Consultants  Limited  (BEAK)  reviewed  these  and  other 
more  recent  protocols  during  Phase  I  of  this  study  (BEAK,  1987)  for  the  Ontario  Ministry 
of  the  Environment  (MOE)  as  part  of  the  requirement  of  the  Polluted  Sediments 
Committee  under  the  Canada-Ontario  Agreement  (COA). 

In  the  early  1970's,  the  Ontario  Water  Resources  Commission  (OWRC)  developed 
guidelines  for  evaluating  dredge  spoils  for  open-water  disposal  (Persaud  and  Wilkins, 
1976).  The  parameter  levels  selected  by  the  OWRC  were  modified  from  U.S.  criteria  and 
reflected  results  of  studies  undertaken  in  Canadian  harbours  on  the  Great  Lakes.  The 
guidelines  were  based  on  data  that  indicated  an  association  of  certain  elevated  levels  of 
contaminants  with  impaired  water  quality  and/or  the  absence  of  certain  benthic  indicator 
species.  In  the  case  of  mercury,  the  guideline  was  based  on  an  apparent  correlation  with 
mercury  levels  in  fish  higher  than  the  0.5  ppm  guideline  for  human  consumption.  Overall, 
however,  the  individual  parameter  levels  were  empirically  derived  and  relate  more  to 
some  incremental  change  above  background  levels  for  the  nearshore  zone  of  the  Great 
Lakes  than  to  a  level  related  to  known  adverse  effects  on  biota.  These  guidelines  have 
also  been  used  to  evaluate  sediment  quality  during  routine  surveillance  and  monitoring 
studies. 

Open-water  disposal  guidelines  were  developed  in  1976  for  11  heavy  metals,  nutrients, 
PCB's,  cyanide  and  oil  and  grease  (Table  1.1).  The  guidelines  are  based  on  bulk  chemical 
analysis   and,    therefore,    relate   to   the  'total'   concentration   of  a   respective  chemical 
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present  in  a  given  sediment  sample.  This  approach  provides  basic  guidance  in 
environmental  protection.  However,  it  is  not  totally  satisfactory  for  assessing  the 
biological  significance  of  contaminants  in  sediments,  since  the  total  concentrations  of 
contaminants  have  generally  little  relationship  to  the  amount  released  to  the  water 
column  or  their  availability  to  biological  organisms.  Many  studies  have  shown  that  a 
large  fraction  of  heavy  metals  in  sediments  is  not  readily  released  to  the  water  column 
or  available  for  uptake  by  biota  because  it  is  associated  with  the  mineral  lattice  of 
crystalline  solids,  strongly  sorbed  to  particulate  surfaces,  or  incorporated  in  organic 
materials  (Gibbs,  1973;  Walters  and  Wolery,  197'*;  Brannon  et  ah,  1976a).  Similarly, 
organic  compounds,  such  as  PCB's  and  organochlorine  pesticides,  generally  have  a  low 
solubility  and  are  tightly  sorbed  by  clay  particles  and  organic  matter  (Pionke  and 
Chesters,  1973;  Karickhoff  et  ah,  1979). 

More  recently,  the  MOE  (Draft,  1988)  has  extended  the  classification  process  to  include 
options  for  land  disposal  of  dredge  spoils  (Tcible  i.I).  If  the  quality  of  the  dredged 
material  exceeds  the  open-water  disposal  guidelines,  then  the  quality  of  the  dredged 
material  is  compared  to  the  unrestricted  and  restricted  land  use  classifications.  If  the 
material  fails  to  satisfy  the  restricted  land  use  criteria,  it  is  classified  as  a  "waste",  and 
must  be  evaluated  by  a  leachate  extraction  procedure  (MOE,  1985)  to  determine  whether 
it  is  a  hazardous  waste.  The  unrestricted  land  use  guideline  is  derived  from  the 
guidelines  for  sewage  sludge  utilization  on  agricultural  lands  (OMAF/MOE,  1981).  The 
restricted  land  use  guidelines  are  based  on  MOE  "upper  limits  of  normal"  contaminant 
guidelines  for  urban  soils  (MOE,  1986). 

In  1977,  the  United  States  Environmental  Protection  Agency  (U.S.  EPA)/United  States 
Army  Corps  of  Engineers  (U.S.  COE)  Technical  Committee  on  Criteria  for  Dredged  and 
Fill  Material  developed  a  sediment  bioassay  implementation  manual  (U.S.  EPA/U.S.  COE, 
1977).  This  manual  provided  the  first  formalized  guidance  for  assessing  the  toxicological 
impact  of  dredged  material  disposal.  It  has  become  the  standard  reference  for 
regulatory  testing  of  dredged  material  prior  to  marine  open  water  or  confined  disposal, 
and  has  been  adopted  by  all  U.S.  Army  COE  Districts  involved  in  ocean  water  disposal  of 
dredged  material.  Basically,  the  procedures  involve  acute  toxicity  tests  comparing  the 
survival  of  sensitive  aquatic  organisms  exposed  to  solid  or  liquid  phases  of  candidate 
dredged  material  to  the  survival  of  those  exposed  to  phases  of  uncontaminated  reference 
sediments.  Bioaccumulation  potential  is  tested  by  analyzing  tissues  of  surviving  bioassay 
organisms  after  ten  days  exposure  for  elevated  concentrations  of  contaminants.     In  the 
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Great  Lakes  Basin,  the  U.S.  Army  COE  Districts  rely  primarily  on  bulk  chemical 
characterization  of  sediments  and  comparison  with  U.S.  EPA  (1977)  guidelines  for  the 
poUutional  classification  of  Great  Lakes  harbour  sediments  (Table  1.2).  Elutriate  and 
acute  toxicity  testing  have  been  used  less  frequently,  although  Buffalo  District  has 
unilaterally  embarked  on  a  comprehensive  program  of  acute  toxicity  testing  of  harbour 
and  navigational  waterway  sediments  using  the  mayfly  nymph  Hexagenia  limbata,  the 
waterflea  Daphnia  magna  and  the  fathead  minnow  Pimephales  promelas  (Revin,  1987). 

As  part  of  the  U.S.  EPA/U.S.  COE  regulatory  initiative,  comprehensive  research 
programs  have  been  or  are  being  undertaken  to  address  the  development  of  impact 
prediction  and  assessment  methods  for  dredged  spoil  disposal.  These  include  the  U.S. 
COE  Dredged  Material  Research  Program  (Saucier  etaL,  1978),  the  ongoing  Long-term 
Effects  of  Dredging  Operations  Program  (e.g.,  Dillon,  198'f),  the  ongoing  Dredging 
Operations  Technical  Support  Program  (e.g.,  Salamon,  198'*),  and  other  work  associated 
with  the  Waterways  Experiment  Station  at  Vicksburg,  Mississippi  (e.g.,  Peddicord  et  al., 
1986).  Research  work  resulting  from  these  initiatives  included  evaluations  of  bioassay 
testing  (e.g.,  Shuba  et  aL,  1977;  Rosenberger  et  ah,  1978),  chemical  release  potential 
(e.g.,  Jones  and  Lee,  1978),  and  bioaccumulation  potential  (e.g.,  Neff  et  aL,  1978;  Dillon, 
198^*).  These  evaluations  extended  to  the  implementation  and  assessment  of  specific 
protocols  and  methodologies  during  corriprehensive  field  investigations  in  marine  and 
Great  Lakes  locations  (e.g.,  Sweeney,  1978;  Salamon,  198^*),  as  well  as  to  the 
development  of  predictive  models  (e.g.,  McFarland,  1983). 

The  Wisconsin  Department  of  Natural  Resources  has  recently  developed  interim  criteria 
for  in-water  disposal  of  dredged  sediments  (Sullivan  et  al.,  1985).  These  were  based  on 
background  concentration  data  for  metals  in  recent  and  greater-than-200-year-old  Lake 
Michigan  sediments,  metals  in  bluff  material  along  the  Lake  Michigan  shoreline,  and 
average  concentrations  of  selected  metals  and  organic  contaminants  in  surficial 
sediments  from  all  the  Great  Lakes. 

More  recently,  since  1985,  the  U.S.  EPA  Criteria  and  Standards  Division  has  been 
pursuing  development  of  sediment  quality  criteria  for  non-polar  organic  and  metal 
contaminants.  Interim  criteria  have  been  proposed  for  selected  non-polar  organics,  in 
either  freshwater  or  marine  sediments,  based  on  equilibrium  partitioning  principles 
(Battelle,  1988).    In  a  parallel  initiative,  the  U.S.  EPA,  Region  10,  in  conjunction  with  the 
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Washington  State  Departnnent  of  Ecology,  has  been  developing  marine  sediment  quality 
criteria  for  Puget  Sound  based  on  apparent  biological  effects  (PTI,  19S8). 

Under  the  Great  Lakes  Water  Quality  Agreement  of  1978,  the  Dredging  Subcommittee  of 
the  Great  Lakes  Water  Quality  Board  (GLWQB)  of  the  International  Joint  Commission 
(I3C)  is  responsible  for  the  delineation  of  "specific  criteria  for  the  classification  of 
polluted  sediments  of  designated  areas  of  intensive  and  continuing  dredging  activities 
within  the  Great  Lakes  system"  (DC,  1978).  The  development  of  compatible  guidelines 
and  criteria  for  dredging  activities  has  been  ongoing  (Dredging  Subcommittee,  1982),  and 
includes  a  two-harbour  evaluation  to  assess  the  practicality  of  the  guidelines  (Dredging 
Subcommittee,  1983,  1986). 

Environment  Canada  and  Fisheries  and  Oceans  Canada  have  supported  literature  reviews 
and  evaluations  of  available  bioassessment  methods  for  contaminated  sediments  (BEAK, 
1980;  Craig,  198^*;  Munawar  ^  ah,  198'f).  The  resulting  reports  were  used  primarily  as 
background  documents  in  attempting  to  gain  concensus  among  Federal,  Provincial  and 
State  agencies  in  adopting  a  common  bioassessment  approach  to  testing  dredged 
sediments  in  the  Great  Lakes.  Bioassessment  does  not  preclude  the  use  of  numeric 
chemical  criteria.  Both  biological  and  chemical  criteria  may  be  used  if  the  chemical 
criteria  have  a  sound  biological  basis. 

The  MOE  has  supported  a  number  of  studies  related  to  the  assessment  of  dredging  and 
dredged  material  disposal.  For  example,  Krantzberg  and  Stokes  (1983)  developed  a 
method  for  classifying  the  pollution  status  of  sediments,  involving  physical  (grain  size) 
characterization,  elutriate  testing,  fractionation  and  bioassay  testing.  BEAK/ 
OCEANCHEM  (1986)  prepared  a  handbook  of  guidelines  for  dredging  and  dredged 
material  disposal,  which  included  recommended  protocols  for  sediment  bioassessment  as 
well  as  tentative  numerical  sediment  quality  objectives  for  some  persistent  organic 
contaminants.  Mudroch  et  ah  (1986,  1988)  have  undertaken  a  review  of  the  existing  MOE 
guidelines  for  dredged  material  open  water  disposal  based  on  a  comprehensive  review  of 
the  background  and  surficial  concentrations  of  contaminants  in  sediments,  including 
harbours,  river  mouths,  bluffs  and  embayments  of  the  Great  Lakes.  These  initiatives 
have  been  jointly  supported  by  the  MOE  and  Environment  Canada. 
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The  historic  deposition  of  persistent  toxic  substances  into  sediments  has  been  singled  out 
by  the  I3C  as  a  major  concern  in  many  localized  areas  around  the  Great  Lakes  (I3C,  1985, 
1987).  Contaminated  sediments  from  past  discharges  resulting  in  in-place  pollutants  are 
identified  as  a  problem  in  38  of  the  k2  areas  of  concern  in  the  Great  Lakes  and 
connecting  channels  (I3C,  1983).  These  sediments  can  be  a  source  of  pollutants  into  and 
through  the  food  chain.  The  GLWQB  has  recommended  that  methods  be  developed  to 
determine  the  site-specific  significance  of  in-place  pollutants  to  permit  evaluation  of  the 
effectiveness  of  alternative  approaches  to  remediation. 

Consequently,  the  MOE  recently  initiated  the  In-Place  Pollutants  Program  to  assess  the 
impacts  of  in-place  pollutants  in  sediments  on  the  aquatic  ecosystem  and  human  health 
(e.g.,  Lomas  and  Persaud,  1987;  Persaud  and  Lomas,  1987).  The  resulting  database 
provides  site-specific  information  on  contaminant  concentrations  in  sediments  (including 
distribution  of  metal  levels  among  sediment  fractions),  in  benthic  invertebrates  and  in 
bottom- feeding  fish  (sculpin),  as  well  as  the  distribution  and  abundance  of  benthic 
invertebrates  for  various  areas  of  the  Great  Lakes  (e.g.,  Jaagumagi,  1987;  Persaud  et  al., 
1987). 

As  a  result  of  these  and  other  initiatives,  a  large  database  has  been  developed  on: 

0       the  release  of  contaminants  in  sediment  to  the  overlying  water; 

o       the  lethal  and  sublethal  effects  of  contaminated  sediments  on  benthic  biota; 

and 
o       bioaccumulation  of  contaminants  from  sediments  by  benthic  biota  and  the 

potential  for  food  chain  biomagnification. 

This  large  and  expanding  database  appears  now  to  provide  sufficient  information  for  the 
development  of  interim  sediment  quality  guidelines  for  specific  contaminants  or 
contaminant  classes. 

The  Polluted  Sediments  Committee  under  the  Canada-Ontario  Agreement  (COA)  has 
retained  Beak  Consultants  Limited  (BEAK)  to  prepare  a  review  and  assessment  of  this 
database  as  a  basis  for  the  identification  of  the  strategies  to  be  used  in  sediment  quality 
guidelines  development  (Phase  I,  BEAK,  1987)  and  using  this  database  to  derive  specific 
numeric  guidelines  (Phase  II).  The  Phase  II  work,  i.e.,  the  actual  development  of  the 
guidelines  and  supporting  rationale,  is  summarized  in  this  document. 
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TABLE  1, 


MOE  DREDGED  MATERIAL  MODEL  CLASSIFICATION  CRITERIA^ 


Parameter 


Open  Water 
Disposal 


Concentration  (ppm) 


Unrestricted 
Land  Use 


Restricted 
Land  Use 


Group  1 

Cadmium 
Lead 
Mercury 
PCBs 


I.O 
50.0 
0.3 
0.05 


1.6 

60.0 

0.5 

2.0 


500.0 
0.5 
2.0 


Group  2 

Arsenic 

Copper 

Zinc 

Chromium 

Iron 

Nickel 

Cobalt 

Silver 

Cyanide 

Molybdenum 

Selenium 


8.0 

14.0 

20.0 

25.0 

100.0 

100.0 

100.0 

220.0 

500.0 

25.0 

120.0 

120.0 

10,000.0 

35,000.0 

35,000.0 

25.0 

32.0 

60.0 

50.0 

20.0 

25.0 

0.5 

_ 

- 

0.1 

_ 

_ 

_ 

it.O 

i^.O 

- 

1.6 

2.0 

Group  3* 

Loss  on  Ignition 
Oil  and  Grease 
Total  Phosphorus 
Total  Kjeldahl  Nitrogen 
Ammonia 


6.0% 
1,500 
1,000 
2,000 
100.0 


^  After  MOE  (Draft,  1988). 

*  Group  3  parameters  are  subject  only  to  open-water  disposal  criteria. 


TABLE  1.2: 

U.S.  EPA,  REGION  V,  GUIDELINES  FOR  THE  POLLUTIONAL 
CLASSIFICATION  OF  GREAT  LAKES  HARBOUR  SEDIMENTS^ 

Concentration  (mg/kg  dry 

weight) 

Contaminant 

Non-polluted 
(less  than) 

Moderately 
Polluted 

Heavily  Polluted 
(greater  than) 

Volatile  Solids 

5% 

.'>%-8% 

8% 

COD 

^0,000 

40,000-80,000 

80,000 

TKN 

1,000 

1,000-2,000 

2,000 

Oil  and  Grease 

1,000 

1,000-2,000 

2,000 

Lead 

^0 

^♦0-60 

60 

Zinc 

90 

90-200 

200 

Amnnonia 

75 

75-200 

200 

Cyanide 

0.10 

0.10-0.25 

0.25 

Phosphorus 

1*20 

^♦20-650 

650 

Iron 

17,000 

17,000-25,000 

25,000 

Nickel 

20 

20-50 

50 

Manganese 

300 

300-500 

500 

Arsenic 

3 

3-8 

S 

Cadmium 

*2 

* 

6 

Chromium 

25 

25-75 

75 

Barium 

20 

20-60 

60 

Copper 

25 

25-50 

50 

PCB^ 

10 

it 
n.a. 

10 

Mercury 

1 

n.a. 

1 

Adapted  from  EPA  (1977). 

Lower  limits  not  established. 

PoUutional  classification  of  PCB  and  mercury  based  on  two  categories:    non-polluted 

and  polluted. 

n.a.    =    not  applicable. 


2.0  METHODS 

2.1  Sediment  Quality  Guideline  Development 

Methods  which  have  been  used  to  derive  sediment  quality  guidelines  were  reviewed  in 
Phase  I  of  this  study  (BEAK,  1987)  and  are  briefly  described  again  in  this  section.  Nine 
methods  were  recognized  In  Phase  I,  although  they  can  be  grouped  in  different  ways  to 
form  either  more  or  fewer  categories.    The  nine  methods  were  as  follows: 

1.  Sediment  Background  Approach 

2.  Sediment-Water  Equilibrium  Partitioning 

3.  Sediment-Water-Biota  Equilibrium  Partitioning 
^.  Sediment-Biota  Equilibrium  Partitioning 

5.  Empirical  Partitioning 

6.  Apparent  Effects  Threshold 

7.  Screening  Level  Concentration 

8.  Field  Bioassay 

9.  Spiked  Bioassay 

We  do  not  consider  sediment-biota  partitioning  since  direct  sediment-biota  partition 
coefficients,  when  they  have  been  defined,  tend  to  be  extremely  variable,  and  site- 
specific  (perhaps  according  to  local  feeding  habits)  rather  than  generic.  Moreover,  there 
are  little  data  available  on  which  to  base  a  generic  coefficient. 

Nor  do  we  consider  the  empirical  partitioning  approach,  since  this  is  essentially  a  site- 
specific  version  of  sediment-water  partitioning,  and  produces  site-specific  rather  than 
generic  guidelines.  Site-specific  guidelines  may  be  more  realistic  than  generic 
guidelines,  particularly  for  contaminants  which  are  highly  variable  in  their  partitioning 
behaviour  under  different  conditions  and  from  site  to  site  (for  example,  metal 
partitioning  is  variable  and  poorly  understood).  However,  site-specific  guidelines  may  be 
more  difficult  and  costly  to  enforce. 

Finally,  we  do  not  consider  the  field  bioassay  approach  in  this  report,  since  we  were  only 
able  to  find  one  field  bioassay  study  in  which  a  single  contaminant  was  identified  as 
responsible  for  the  observed  effects  (this  study  was  included  in  the  spiked  bioassay 
analysis).    Thus,  six  methods  are  described  below. 
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2.1.1  Sediment  Background  Approach 

In  the  background  approach,  sediment  contaminant  concentrations  at  a  particular 
location  are  compared  to  concentrations  from  reference  (background)  sites,  where 
contaminant  levels  are  deemed  to  be  acceptable.  Mudroch  £t  aL  (1986,  1988)  provide  an 
example  of  this  approach.  They  have  undertaken  an  evaluation  of  the  existing  MOE 
guidelines  for  dredged  materia!  open  water  disposal  based  on  a  comprehensive  review  of 
the  background  and  surficial  concentrations  of  contaminants  in  sediments,  including 
harbours,  river  mouths,  bluffs  and  embayments  of  the  Great  Lakes. 

The  primary  advantage  of  the  background  approach  is  that  it  has  minimal  data 
requirements.  The  establishment  of  background  contaminant  concentrations  does  not 
require  the  collection  of  extensive  field  data,  particularly  in  areas,  such  as  the  Great 
Lakes,  where  historical  data  are  available.  This  approach  is  the  only  method  for 
establishing  sediment  quality  guideline  values  that  does  not  require  quantitative 
toxicological  data  for  the  specific  contaminants  in  sediment. 

The  limitations  of  this  approach  are  the  difficulties  inherent  in  developing  a  technically 
and  legally  defensible  method  of  selecting  a  "suitable"  reference  area,  or  determining 
what  is  an  "acceptable"  level  of  contamination.  We  have  adopted  a  'pre-industrial' 
standard  for  metal  concentrations  (based  on  core  data)  and,  for  strictly  anthropogenic 
organic  contaminants,  a  contemporary  upper  Great  Lakes  surficial  sediment  standard. 

2.1.2  Sediment-Water  Equilibrium  Partitioning 

The  sediment-water  equilibrium  partitioning  approach  has  been  undertaken  by  Pavlou  and 
Weston  (1983,  198^),  Bolton  et  ah  (1983)  and  Kadeg  et  ah  (1986),  primarily  for  nonpolar 
organic  chemicals.  This  approach  is  based  on  the  assumption  that  the  distribution  of 
contaminants  among  different  compartments  in  the  sediment  is  controlled  in  a 
predictable  manner  by  a  continuous  equilibrium  exchange  among  sediment  solids  and 
interstitial  water.  It  is  also  assumed  that  interstitial  water  is  the  primary  route  of 
organism  exposure.  Using  this  approach  contaminant-specific  partition  coefficients  are 
determined  (generally  expressed  in  terms  of  organic  carbon  content  in  the  sediment)  and 
used  to  predict  the  distribution  of  the  contaminant  between  sediment  and  interstitial 
water.    The  coefficient  is  considered  to  be  generic  (equally  applicable  at  all  sites).    The 
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coefficient,  K^^,  is  multiplied  by  an  existing  water  quality  criterion  to  derive  a  sediment 
quality  guideline  in  ug/g  organic  carbon.  This  guideline  is  also  generic,  and  is  multiplied 
by  the  sediment  organic  carbon  fraction  (TOO  to  derive  a  bulk  guideline  for  each  site. 


Kq^  values  from  the  literature,  relying  where  possible  on  an  EPA  pre-screening  (Battelle, 
1988),  and  have  determined  geometric  means  and  confidence  limits  of  partitioning 
coefficients  for  each  chemical.  Sediment  guidelines  were  derived  using  both  mean  and 
lower  confidence  limit  values. 

An  advantage  which  this  approach  shares  with  other  partitioning  approaches  is  that  it 
relies  on  an  existing  toxicological  rationale  which  was  established  during  water  quality 
criteria  development.  Thus,  a  new  toxicological  evaluation  is  not  required  if  the  water 
quality  criteria  were  derived  to  protect  the  benthic  organisms  which  are  exposed  to  the 
interstitial  water.  However,  a  corresponding  limitation  of  the  approach  is  its 
applicability  only  to  chemicals  which  have  water  quality  criteria.  Moreover,  if  water  and 
sediment  criteria  are  meant  to  protect  different  organisms,  then  an  assumption  is  made 
that  the  two  sets  of  organisms  are  equally  sensitive  to  pollution. 

2.1.3       Sediment-Water-Biota  Equilibrium  Partitioning 

The  sediment-water-biota  equilibrium  partitioning  approach  is  a  generic  partitioning 
method  which  derives  a  sediment  quality  guideline  from  an  existing  tissue  quality 
criterion.  It  is  a  two-step  approach  utilizing  a  generic  water-biota  bioconcentration 
factor  (BCF)  to  translate  the  tissue  criterion  into  a  corresponding  water  concentration 
(Final  Residue  Value,  FRV).  After  this  first  step,  the  approach  is  identical  to  that 
described  in  Section  2.1.2,  using  the  FRV  as  a  water  quality  criterion. 

The  tissue  criterion  is  generally  based  on  human  health  considerations  and  human  food 
consumption  patterns.  Therefore,  the  tissue  criterion  applies  to  a  human  food  organism, 
such  as  fish,  rather  than  to  benthos.  Similarly,  the  BCF  applies  to  fish  and  the  derived 
water  concentration  applies  to  the  water  column  in  which  the  fish  lives.  There  is  a 
substantial  gap  between  this  water  column  compartment  and  the  interstitial  water 
compartment    presumed    to    be    in   equilibrium    with    the    sediments.      The   reduction    in 
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contaminant  concentration  from  the  interstitial  to  the  water  column  compartment  is 
likely  to  be  highly  site-specific,  depending  on  local  circulation.  However,  as  there  is 
certain  to  be  some  reduction,  it  is  conservative  to  assume  none  (i.e.,  multiply  the  FRV 
directly  by  K^^  to  derive  a  sediment  quality  guideline). 

We  derived  FRV  water  concentrations  using  MOE/MNR  (1988)  or  Health  and  Welfare 
(1987)  guidelines  for  consumption  of  toxic  organic  residues  in  fish  tissue,  divided  by 
bioconcentration  factors  from  the  literature.  This  was  done  for  organic  contaminants 
only,  since  metal  partitioning  in  sediments  was  not  considered  to  be  sufficiently 
predictable  to  justify  selection  of  generic  partitioning  coefficients. 

This  sediment-water-biota  partitioning  approach  assumes  that  the  primary  route  of  fish 
exposure  is  through  the  water  rather  than  the  food  chain.  The  assumption  has  not 
received  adequate  testing  for  most  persistent  toxic  substances.  As  chemical 
hydrophobicity  (K^^)  increases,  the  food  chain  is  likely  to  become  more  significant  and, 
by  ignoring  it,  we  may  be  overestimating  acceptable  chemical  concentrations  in 
sediments.  However,  Mackay  (pers.  comm.)  suggests  that  bioaccumulation  factors  (which 
encompass  both  food  chain  and  water  exposure  routes)  seldom  exceed  the  corresponding 
BCF  (water  only)  by  more  than  one  order  of  magnitude  (approximately  three  times  for 
each  food  chain  step;  Mackay  et  al^  1987). 

2.1.^       Apparent  Effects  Threshold 

The  Apparent  Effects  Threshold  (AET)  approach  was  developed  by  Tetra-Tech  (1986)  and 
has  been  used  extensively  by  PTl,  Inc.  (1988)  in  Puget  Sound  and  Commencement  Bay  to 
establish  sediment  quality  guidelines  for  the  State  of  Washington  (Department  of 
Ecology).  The  basis  of  the  technique  is  simple:  to  find  the  sediment  concentration  of  a 
contaminant  above  which  significant  biological  effects  are  always  observed.  It  is 
assumed  that  effects  above  this  contamination  level  are  specifically  related  to  the 
contaminant  of  interest,  while  below  this  level  any  effects  observed  could  be  due  to 
other  contaminants. 

In  practical  application  of  the  method,  species  and  biological  endpoints  must  be  carefully 
selected  to  ensure  the  desired  level  of  protection  for  the  benthic  community.  If  species 
and  endpoints  are  mixed,  the  least  sensitive  of  these  will  always  dominate.    For  example, 
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if  the  database  for  a  particular  contaminant  contains  data  on  acute  toxicity  to  tubificid 
oligochaetes,  then  the  AET  will  be  designed  to  protect  against  acute  toxicity  to 
tubificids.  It  will  not  protect  other  more  sensitive  species,  nor  will  it  provide  chronic 
protection. 

A  consistent  definition  of  significance  should  also  be  used.  If  statistically  defined, 
different  alpha  levels  (probability  of  Type  I  error)  may  be  utilized  by  different  authors. 
This  represents  an  inconsistent  definition  of  significance.  Moreover,  the  reference  point 
for  comparison  may  differ  between  studies.  While  most  authors  use  some  sort  of  control 
as  a  reference  point,  it  is  unlikely  that  the  control  site  or  treatment  represents  the  same 
level  of  benthic  community  health  in  all  studies. 

Ideally,  data  from  a  single  investigator  would  be  utilized  to  ensure  consistency;  however, 
it  is  seldom  possible  to  obtain  data  over  a  sufficient  concentration  range  for  all 
contaminants  of  interest  from  a  single  study.  We  relied  heavily  on  acute  toxicity  data 
from  the  U.S.  Corps  of  Engineers  (Aqua-Tech,  1983-19S6)  in  compiling  an  AET  database 
for  freshwater  sediments,  although  data  from  59  sources  were  utilized.  For  acute 
toxicity  endpoints,  we  used  only  data  in  which  control  survival  was  90%  or  better. 

We  computed  AETs  for  various  data  subsets,  restricted  by  test  species  and  endpoint,  in 
order  to  compare  the  guideline  values  obtained.  Calculations  were  performed  without 
TOC-normalization,  following  the  Tetra-Tech  (19S6)  approach,  since  much  of  the 
available  data  did  not  include  TOC  measurements. 

2.1.5       Screening  Level  Concentration 

The  Screening  Level  Concentration  (SLC)  approach  was  developed  and  tested  by  Battelle 
(Neff  et  al.,  1986)  primarily  for  use  with  nonpolar  organic  compounds.  The  approach  uses 
field  data  on  the  coHDCcurrence  in  sediments  of  benthic  infaunal  species  and  different 
concentrations  of  contaminants.  The  SLC  is  an  estimate  of  the  highest  concentration  of 
a  contaminant  that  can  be  tolerated  by  approximately  95%  of  benthic  infaunal  species. 

Calculation  of  the  SLC  is  a  two-stage  process.  First,  for  a  large  number  of  species  (at 
least  ten  for  each  chemical),  the  species  SLC  (or  SSLC)  is  calculated  as  the  90th 
percentile  of  the  concentration  distribution  over  all  sites  (at  least  ten)  where  the  species 
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is  present.  Second,  the  5th  percentile  of  the  SSLC  distribution  is  determined.  This  is  the 
concentration  which  95%  of  species  tolerate. 

An  implicit  assumption  is  that  the  database  includes  concentrations  over  the  full  range  of 
tolerance  for  each  species.  This  is  important,  though  sometimes  difficult  to  verify.  An 
SLC  will  be  generated  whether  or  not  the  assumption  is  satisfied. 

Since  the  method  was  developed  for  nonpolar  organic  contaminants,  sediment 
concentrations  are  TOC-normalized  in  an  effort  to  represent  contaminant  availability  to 
the  organism  (i.e.,  concentration  expressed  in  ug/gC).  However,  the  method  can  be 
applied  without  TOC-normalization  for  contaminants  whose  availability  is  better 
represented  by  bulk  sediment  concentration.  We  applied  the  method  both  ways,  and  also 
converted  TOC-normalized  SLC  criteria  to  a  bulk  sediment  basis  using  an  assumption  of 
'*%  TOC  in  sediments.  This  value  closely  approximates  the  average  TOC  concentration 
in  sediment  samples  represented  in  the  SLC  database. 

2.1.6       Spiked  Bioassay  Approach 

In  this  approach,  dose-response  relationships  are  determined  by  exposing  test  organisms 
to  sediments  that  have  been  spiked  with  known  amounts  of  contaminants.  Sediment 
quality  guideline  values  can  then  be  determined  using  the  sediment  bioassay  data  in  the 
manner  that  aqueous  bioassays  were  used  to  establish  water  quality  criteria. 

In  contrast  to  the  field-based  approaches  described  previously,  the  spiked  bioassay 
approach  can  establish  cause-and-effect  relationships  between  contaminants  and  toxic 
biological  responses.  Contaminants  can  be  tested  individually  or  in  combination. 
Furthermore,  interactive  effects  of  contaminant  mixtures  can  be  identified  and 
quantified. 

The  major  limitation  of  this  approach  is  the  amount  of  research  effort  required  to  test 
potentially  toxic  contaminants.  The  spiked  bioassay  approach  has  been  used  primarily  for 
metals  (e.g.,  Birge  et  ah,  1977;  Cairns  et  ah,  198^*;  Francis  et  ah,  198'<;  Nebeker  et  aL, 
1986a),  although  some  preliminary  bioassay  work  has  been  undertaken  with  sediments 
enriched  with  nonpolar  organic  contaminants  (e.g.,  White,  198^*).  This  research  has 
generally  involved  short-term  acute  exposures  with  a  small  number  of  benthic  species. 
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Both  acute  and  chronic  endpoints  were  included  in  the  analysis,  with  a  downward 
adjustment  of  acute  values  by  1/10  to  represent  a  chronic  protection  level.  Then  the 
lowest  LC50  or  EC50  was  selected  as  a  sediment  quality  guideline. 

2  J.  Data  Sources  and  Compilation 

A  complete  list  of  references  which  contributed  data  for  each  approach  to  sediment 
quality  guideline  development  is  provided  in  Section  7.0.  This  section  briefly  describes 
the  type  of  data  utilized,  criteria  for  data  acceptability,  and  some  of  the  major  data 
sources. 

Background  data  were  collected  from  27  references  listing  "background'  metal 
concentrations  in  Great  Lakes  sediments,  based  on  analysis  of  core  samples.  Background 
horizons  were  variously  defined,  but  always  represented  pre-industrial  conditions  for 
metals.  A  key  source  of  data  was  Mudroch  et  al.  (1986,  1988).  Data  from  different  lakes 
and  areas  within  lakes  (e.g.,  embayments,  non-depositional,  depositional)  were  pooled 
following  initial  inspection  of  the  data  which  revealed  no  obvious  differences  in 
background  between  lakes  or  areas.  For  strictly  anthropogenic  organic  contaminants,  a 
contemporary  upper  Great  Lakes  surficial  sediment  background  was  derived,  primarily 
from  reports  by  Glooschenko  et  ah  (1976)  and  Frank  et  al.  (1979). 

Generic  sediment-water  partitioning  coefficients  for  organic  pesticides  and  PCB's  were 
selected  primarily  from  reports  to  the  U.S.  EPA  (Battelle,  1988;  Pavlou  and  Weston, 
1983,  198^*)  in  support  of  its  sediment  quality  criteria  development  program.  Some 
additional  coefficient  values  for  p,p-DDT  and  four  specific  PCB  Aroclors  were  added  to 
this  compilation,  from  other  sources,  and  coefficients  were  computed  following  Battelle 
(1988)  methods  (geometric  mean  and  95%  confidence  limits  on  K^^  and  hence  K^^). 
Values  measured  experimentally  or  calculated  by  fragment  analysis  or  aqueous  solubility 
methods  were  considered  acceptable. 

A  toxicity  database  was  constructed  for  AET  calculations,  containing  data  from  59 
different  sources.  The  U.S.  Corps  of  Engineers  data  (Aqua-Tech,  1983-1986)  comprised  a 
large  portion  of  this  database.  The  samples  tested  were  primarily  natural  Great  Lakes 
sediment  samples  (unspiked)  with  multiple  contaminants  present.    Bulk  concentrations  of 

each  contaminant   were   recorded.     The   test  organisms  included  benthic  invertebrates 
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(e.g.,    Hexagenia,    Hyallela,   Chironomus)   and    fish   (e.g.,   Ictalurus,    Pimephales.   Salr 


gairdneri).  Hexagenia  was  the  single  most  common  organism  represented.  Test  durations 
varied  from  1  to  21  days  with  four-day  tests  most  common.  Response  measures  included 
survival,  growth,  biomass  production  and  larval  emergence,  with  survival  the  most 
common  response  measure.  A  code  entered  with  each  response  indicated  its  significance 
relative  to  the  control  (or  lowest  concentration).  In  ASCII  format,  the  database  was 
approximately  four  megabytes  in  size. 

A  benthic  species  database  was  constructed  for  SLC  calculations  containing  data  from  19 
Great  Lakes  benthic  survey  reports.  Bulk  concentrations  of  contaminants  in  sediments, 
along  with  TOC  and  percent  fine  material  (<  63  urn  diameter),  were  entered  with  a 
presence-absence  (0,  1)  code  for  each  of  100  benthic  species.  The  species  selected  were 
common  throughout  the  Great  Lakes,  and  included  both  pollution  sensitive  and  tolerant 
taxa.  In  general,  only  taxa  identified  to  species  level  were  utilized.  However,  in  some 
cases  (e.g..  Tub  if  ex  sp.)  where  all  species  in  a  particular  genus  have  essentially  the  same 
pollution  status  (i.e.,  sensitive  or  tolerant),  genus  level  taxonomy  was  used.  In  ASCII 
format,  this  database  was  approximately  four  megabytes  in  size. 

A  second  benthic  species  database  was  constructed  from  two  MOE  In-Place  Pollutants 
program  survey  reports.  This  database  was  approximately  0.5  megabytes  in  size. 
Separate  SLC  calculations  were  performed  on  this  database  for  selected  metals  with 
sufficient  data  present.  This  strategy  was  adopted  to  gain  some  insight  into  the 
robustness  of  the  method  as  applied  to  different  data  sets  of  different  sizes. 

Spiked  bioassay  data  were  collected  from  nine  sources,  and  represented  a  variety  of  test 
organisms  (fish  and  amphibian  embryos,  amphipods,  midges,  Hexagenia,  oligochaetes), 
test  durations  (3  to  I'*  days)  and  response  measures  (survival,  larval  deformity, 
avoidance).  Studies  involving  chromium,  cadmium,  copper,  mercury,  zinc  and  endrin 
were  included.  Only  one  to  a  few  LC50,  EC50  or  no-effect  threshold  values  were 
available  for  each  contaminant. 
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3.0  RESULTS  AlW  DISCUSSION 

3.1  Background  Approach 

In  the  background  approach,  sediment  contaminant  concentrations  at  a  particular 
location  are  compared  to  concentrations  from  reference  (background)  sites,  where 
contaminant  levels  are  deemed  to  be  acceptable. 

The  primary  advantage  of  the  background  approach  is  that  it  has  minimal  data 
requirements.  The  establishment  of  background  contaminant  concentrations  does  not 
require  the  collection  of  extensive  field  data,  particularly  in  areas  such  as  the  Great 
Lakes,  where  historical  data  are  available.  This  approach  is  the  only  method  for 
establishing  sediment  quality  guideline  values  that  does  not  require  quantitative 
toxicological  data  for  the  specific  contaminants  in  sediment. 

^^^e  limitations  of  this  approach  are  the  difficulties  inherent  in  developing  a  technically 
and  legally  defensible  method  of  selecting  a  "suitable"  reference  area,  or  determining 
what  is  an  "acceptable"  level  of  contamination. 

3.1.1       Heavy  Metals 

As  a  start  for  undertaking  the  background  approach  to  the  development  of  sediment 
quality  guidelines  for  metals,  BEAK  made  use  of  a  comprehensive  review  of  the  surficial 
and  background  concentrations  of  contaminants  in  Great  Lakes  sediments  (Mudroch 
et  al.,  1986,  1988).  This  review  compiled  the  concentrations  of  arsenic,  cadmium, 
chromium,  copper,  iron,  lead,  mercury,  nickel  and  zinc  for  depositional  basins,  areas  with 
no  deposition  of  fine-grained  sediments  (e.g.,  nearshore  zones),  embayments,  harbours, 
tributary  mouths  and,  where  available,  for  shoreline  bluffs.  The  background 
concentrations  represented  usually  those  in  the  pre-colonial  sediments  as  determined  by 
the  Ambrosia  pollen  horizon  or  radionuclide  dating  of  the  sediments.  In  some  cases,  the 
background  was  the  concentration  that  an  element  reached  at  certain  sediment  depth 
without  further  concentration  changes  below  this  depth. 

BEAK  reviewed  readily  available  literature  on  background  metal  concentrations  in  Great 
Lakes  sediments  to  verify  the  data  presented  by  Mudroch  et  ah  (1985,  1988),  as  well  as  to 
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provide  additional  data  from  other  sources.  Sediment  background  concentrations  for 
manganese  were  delineated  during  this  review. 

Many  surveyed  reports  contained  only  a  summary  of  results,  or  mean  concentrations  with 
standard  deviation,  or  a  range  of  concentrations.  To  facilitate  a  statistical  evaluation  of 
reported  concentrations,  summarized  results  (mean  concentrations  or  range  midpoints) 
were  tabulated  and  treated  as  single  background  values.  Since  no  obvious  differences  in 
the  values  from  different  areas  (i.e.,  depositional,  nonndepositional,  river  mouth,  etc.) 
could  be  discerned,  ail  such  background  values  were  used  to  calculate  the  overall  mean 
concentration  and  the  95%  confidence  interval  on  the  background  value  distribution.  The 
confidence  interval  was  arithmetic  for  most  metals,  but  geometric  for  mercury,  as 
appropriate  to  the  background  data  distributions.  Table  3.1  presents  the  overall  mean 
and  maximum  background  metal  concentrations  and  the  95%  upper  confidence  intervals. 
Detailed  tabulation  of  the  data  is  provided  in  Appendix  A. 

In  order  to  define  a  sediment  quality  guideline  based  on  background,  that  most 
background  samples  could  meet,  without  allowing  undue  influence  of  extreme  data 
points,  BEAK  suggests  the  use  of  the  upper  95%  confidence  limits  (after  rounding)  as 
background  limits  for  metals  in  Great  Lakes  sediments,  rather  than  maximum 
concentrations.  The  proposed  sediment  quality  guidelines  for  metals  based  on  this 
background  approach  are  presented  and  compared  to  other  sediment  quality  regulatory 
guidelines  in  Table  3.2.  The  proposed  sediment  quality  guideline  value  for  arsenic  is 
tentative,  as  it  is  based  on  only  a  few  background  concentration  values.  For  arsenic,  a 
90%  upper  confidence  limit  was  used  to  provide  a  slightly  more  conservative  interim 
sediment  quality  guideline. 

The  proposed  guideline  values  were  consistently  higher  than  the  MOE  and  U.S.  EPA 
dredge  spoil  guidelines,  ranging  from  only  slightly  higher  for  lead  to  3-6  times  higher  for 
iron  and  four  times  higher  for  manganese.  The  exception  was  the  U.S.  EPA  guideline 
value  (1  ug/g)  for  mercury,  which  was  slightly  higher  than  the  proposed  guideline  value 
(0.6  ug/g).  Compared  to  the  sediment  quality  guidelines  based  on  the  background 
approach  used  in  this  study,  the  Wisconsin  Department  of  Natural  Resources  guideline 
values  were  higher  for  chromium,  copper  and  nickel,  and  lower  for  cadmium,  lead, 
mercury,  zinc  and  arsenic. 
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A  number  of  other  approaches  have  been  taken  in  the  past  to  define  background 
concentrations  of  metals  in  Great  Lakes  sediments.   These  include: 

o       mean  concentrations  in  erodable  bluff  materials  (e.g.,  Kemp  and  Dell,  1976; 

MOE,  198S); 
o       mean   plus    two   standard   deviations   of   concentrations   found   in   surficial 

sediments   at   25   'undeveloped'   tributary   mouths  around   the  Great  Lakes 

(Fitchko  and  Hutchinson,  1975); 
o       concentrations  found  in  Pleistocene  lake  sediments  (Frye  and  Shimp,  1973); 

and 
o       mean  values  found  in  surficial  sediments  collected  at  28  locations  selected 

as  representative  of  'non-contaminated'  areas  in  Michigan. 

Table  3.3  presents  the  mean  background  metal  concentrations  based  on  these  other 
approaches,  for  comparative  purposes  only. 

The  sediment  quality  guideline  values  for  arsenic,  cadmium,  chromium,  iron  and  lead, 
based  on  the  background  approach  used  in  this  study,  were  generally  in  the  upper  range  of 
background  values  obtained  by  these  other  approaches.  For  copper,  manganese,  mercury, 
nickel,  zinc  and  arsenic,  the  proposed  sediment  quality  guideline  value  was  higher  than 
the  background  values  obtained  by  the  other  approaches.  The  lower  values  obtained  by 
the  other  approaches  likely  reflect  lower  substrate  capacity  for  metal  sorption  in  the 
samples  selected  to  represent  background,  due  to  low  organic  matter  and/or  larger 
particle  size  (e.g.,  sand). 

3.1.2       Organochlorine  Pesticides  and  PCBs 

For  the  organochlorine  pesticides  and  PCBs,  background  concentrations  are  zero,  because 
these  contaminants  did  not  exist  prior  to  the  industrialization  of  the  Great  Lakes  Basin. 
This  is  supported  by  sediment  core  data  as  the  organics  concentrations  in  deeper  sections 
of  the  core  are  always  below  the  detection  limit  (Appendix  Table  A-12).  Similarly,  the 
concentrations  of  organics  in  erodable  bluff  materials  are  consistently  below  the 
detection  limit  (Appendix  Table  A-13).  However,  a  background  concentration  of  zero 
cannot  realistically  be  utilized  as  a  sediment  quality  guideline  for  these  organic 
contaminants,  since  analytical  systems  have  greater  than  zero  detection  limits.    Nor  is  a 

2^37.1  3.3 


background  concentration  equal  to  some  specified  BAT  detection  linnit  realistic,  since 
these  organic  contaminants  are  now  widely  distributed  throughout  the  Great  Lakes  at  low 
but  detectable  levels. 

To  overcome  this  difficulty,  it  is  proposed  that  an  overall  mean  concentration  of  organic 
contaminants  in  surficial  sediments  in  the  Upper  Great  Lakes  proper  could  be  used  as  a 
contemporary  benchmark  reflecting  the  current  level  of  contamination.  The  rationale 
for  this  approach  is  that  production  and  loadings  of  these  organics  have  generally  been 
substantially  curtailed  and  the  concentrations  in  Great  Lakes  proper  surficial  sediments 
will  continue  to  decline  due  to  natural  physical-chemical  and  biological  processes,  e.g., 
volatilization,     dilution,     photOHDxidation,     biodegradation.  Furthermore,     organic 

concentrations  in  the  Great  Lakes  proper  surficial  sediments  are  generally  lower  relative 
to  concentrations  in  Great  Lakes  tributaries,  harbours  and  embayments  (Appendix  Table 
A-l'f).  Finally,  organic  contaminant  concentrations  in  surficial  sediments  of  the  Upper 
Great  Lakes  are  consistently  lower  than  in  the  Lower  Great  Lakes  (Appendix  Table  A- 
15).  Therefore,  the  use  of  the  maximum  lake  mean  of  organic  contaminant  concentration 
values  in  surficial  sediments  of  Lakes  Superior  and  Huron  provides  a  conservative 
benchmark  for  organics  in  the  Great  Lakes  as  a  whole. 

The  proposed  sediment  quality  guidelines  for  the  organochlorine  pesticides  and  PCBs 
based  on  contemporary  benchmark  concentrations  in  surficial  sediments  of  the  Upper 
Great  Lakes  proper  are  presented  and  compared  to  other  sediment  quality  regulatory 
guidelines  in  Table  3.^*.  The  proposed  guideline  values  were  consistently  lower  than  any 
available  regulatory  guidelines,  with  the  exception  of  that  for  total  DDT  which  was  the 
same  as  the  WDNR  guideline  value. 

3  J.  Equilibrium  Partitioning 

The  U.S.  EPA  has  been  pursuing  the  Equilibrium  Partitioning  (EP)  approach  for 
estimating  sediment  quality  guidelines  for  nonpolar  and  metal  contaminants  since  1985. 
At  present,  interim  guidelines  have  been  developed  for  selected  organic  compounds, 
including  several  PAHs  and  pesticides,  as  documented  in  a  report  recently  prepared  by 
Battelle  (1988). 


2i*37.1  3.^ 


The  EP  approach  is  based  on  two  initial  assumptions.  First,  it  is  assumed  that 
contaminant  concentrations  in  interstitial  waters  are  controlled  by  equilibrium 
partitioning  between  the  solid  and  liquid  phases  at  contaminant  levels  well  below 
saturation  in  either  phase.  On  this  basis,  partitioning  can  be  calculated  from  the 
quantity  of  sorbent  in  the  sediment  and  from  the  appropriate  coefficient.  For  nonpolar 
organic  substances,  organic  carbon  in  the  sediment  is  the  primary  sorbent,  and  the 
partition  coefficient,  K  ,  is  normalized  for  sediment  organic  content.  The  second 
assumption  Is  that  the  toxicity  or  bioaccumulation  potential  of  contaminants  in 
sediments  is  correlated  with  the  aqueous  interstitial  phase  rather  than  with  total  (bulk) 
sediment  concentrations. 

The  EP  approach  goes  on  to  use  existing  water  quality  criteria  and  K^^  values  to  derive 
sediment  quality  guidelines.  Battelle  (1988)  used  chronic  water  quality  criteria  (the 
lowest  concentration  in  water  known  to  cause  chronic  effects  on  aquatic  biota)  and  final 
residue  values  (concentrations  in  water  that  result  in  maximum  permissible 
concentrations  in  humans  or  wildlife,  based  on  food  chain  modelling)  to  derive  sediment 
quality  guidelines.  Final  residue  values  (FRVs)  are  generally  based  on  U.S.  Food  and  Drug 
Administration  (FDA)  concentration  limits  for  contaminants  in  human  food.  K^^  values 
are  generally  estimated  from  octanol/water  partition  coefficients,  which  are  widely 
available  in  the  literature.  Thus,  sediment  quality  guidelines  (SQG)  may  be  calculated 
from  water  quality  criteria  (WQC)  as  follows: 


where:    WQC  is  either  a  chronic  effects  limit  or  an  FRV. 

The  Battelle  (1988)  report  compiles  K^^  and  K^^.  values  for  several  organic 
contaminants,  and  calculates  statistical  distributions  for  the  data.  This  approach  permits 
the  derivation  of  statistical  uncertainties  for  sediment  quality  guidelines.  Thus,  the 
lower  value  of  a  95%  confidence  limit  represents  the  concentration  which  with  97.5% 
certainty  will  result  in  protection  against  either  chronic  toxicity  or  unacceptable 
bioaccumulation. 

In  utilizing  existing  water  quality  criteria  as  a  basis  for  sediment  quality  guidelines,  a 
third  assumption   is  made  that  the  organisms   meant   to  be  protected  by  the  SQG  are 
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comparable  in  sensitivity  to  the  organisms  protected  by  the  WQC,  and  that  there  is 
intent  to  afford  an  equivalent  degree  of  protection  to  these  two  groups  of  organisms. 
This  assumption  requires  careful  scrutiny,  particularly  when  FRVs  based  on  human  health 
considerations  are  used  as  water  quality  criteria. 

For  this  evaluation,  sediment  quality  guidelines  as  developed  by  Battelle  are  summarized 
for  contaminants  of  concern.  In  addition,  existing  provincial  (MOE,  198'f)  water  quality 
objectives  (PWQOs)  and  available  K^^  values  are  used  to  derive  sediment  quality 
guidelines  for  Ontario.  Finally,  existing  provincial  guidelines  for  fish  residues  (Health 
and  Welfare,  1987;  MOE/MNR,  1988)  and  federal  guidelines  for  meat  residues  (Health  and 
Welfare,  1987)  were  used  to  derive  sediment  quality  guidelines  for  Ontario. 

Table  3  J  summarizes  logjQ  K^^  values  for  contaminants  of  concern.  Emphasis  is  given 
to  values  evaluated  by  Battelle  (1988)  in  the  derivation  of  sediment  quality  guidelines,  or 
those  calculated  in  the  Montana  State  University  (MS)  QSAR  database  by  the  fragment 
analysis  method.  Where  no  values  were  found  in  these  databases,  the  recent  U.S.  EPA 
review  (Kadeg  et  ah,  1986)  or  an  earlier  U.S.  EPA  (1979)  review  were  used  to  compile 
Kq^  values.  No  K^^^  values  were  found  for  mirex,  heptachlor  epoxide  and  some  of  the 
chlordane  isomers. 

Table  3.6  presents  K^^  values  derived  from  the  following  equation  (DiToro,  1985): 
Logio(Koe)    =    0.00028  >  0.983  Logio(Kow) 


corresponding  confidence  limits  for  the  geometric  mean  Log  K^^  values,  as  calculated 
by  Battelle  (1988). 

Sediment  quality  guidelines  based  on  PWQOs,  are  derived  in  Table  3.7  using  the  K^^ 
values  given  in  Table  3.6.  The  criteria  are  expressed  on  an  organic  carbon  basis,  so  that 
the  bulk  criterion  for  a  particular  sediment  is  equal  to  the  tabulated  value  times  the 
fractional  carbon  content  (TOO.  It  should  be  noted  that,  for  compounds  having  only  one 
Log  K  value  with  no  confidence  limits,  sediment  quality  guidelines  should  be 
Interpreted  with  caution.  Aldrin,  and  hexachlorobenzene  in  particular,  are  shown  to  have 
very  high  K^^  values  leading  to  high  guideline  values  that  may  seriously  underestimate 
hazard. 
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Sediment  quality  guidelines  derived  by  Battelle  (1988)  (Table  3.8)  are  more  restrictive 
when  based  on  final  residue  values  than  when  based  on  chronic  toxicity,  due  to  the 
considerable  potential  for  food  chain  biomagnification  of  these  compounds,  and/or  the 
greater  degree  of  protection  desired  for  humans  vs.  aquatic  biota.  Sediment  quality 
guidelines  derived  in  this  study  from  MOE/MNR  (1988)  and  Health  and  Welfare  (1987) 
residue  limits  (Table  3.9)  were  sometimes  higher  (PCB,  DDT,  dieldrin)  and  sometimes 
lower  than  corresponding  guidelines  based  on  PWQO's. 

Where  comparisons  are  possible  between  sediment  quality  guidelines  derived  by  Battelle 
(1988),  and  those  derived  in  this  study  from  PWQOs,  the  guidelines  based  on  PWQOs  are 
consistently  lower  than  Battelle's  FCV-based  criteria.  Guidelines  based  on  PWQOs  are 
also  generally  lower  than  Battelle's  FRV-based  criteria,  with  two  exceptions  (chlordane 
and  total  DDT).  These  differences  are  entirely  due  to  differences  in  the  water  quality 
criteria,  since  the  same  K^^  values  were  used.  Guidelines  based  on  Canadian  residue 
limits  are  also  generally  lower  than  Battelle's  FRV-based  criteria,  with  one  exception 
(total  DDT),  primarily  due  to  international  differences  in  existing  residue  limits. 

3.3  Apparent  Effects  Threshold 

The  Apparent  Effects  Threshold  (AET)  approach  was  developed  by  Tetra-Tech  (1986)  and 
has  been  used  extensively  by  PTI,  Inc.  (1988)  in  Puget  Sound  and  Commencement  Bay  to 
establish  sediment  quality  criteria  for  the  State  of  Washington  (Department  of 
Ecology).  The  basis  of  the  technique  is  simple:  to  find  the  sediment  concentration  of  a 
contaminant  above  which  significant  biological  effects  are  always  observed.  It  is 
assumed  that  effects  above  this  contamination  level  are  specifically  related  to  the 
contaminant  of  interest,  while  below  this  level  any  effects  observed  could  be  due  to 
other  contaminants. 

In  practical  application  of  the  method,  species  and  biological  endpoints  must  be  carefully 
selected  to  ensure  the  desired  level  of  protection  for  the  benthic  community.  If  species 
and  endpoints  are  mixed,  the  least  sensitive  of  these  will  always  dominate.  For  example, 
if  the  database  for  a  particular  contaminant  contains  data  on  acute  toxicity  to  tubificid 
oligochaetes,  then  the  AET  will  be  designed  to  protect  against  acute  toxicity  to 
tubificids.  It  will  not  protect  other  more  sensitive  species,  nor  will  it  provide  chronic 
protection. 
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A  consistent  definition  of  significance  should  also  be  used.  If  statistically  defined, 
different  alpha  levels  (probability  of  Type  I  error)  may  be  utilized  by  different  authors. 
This  represents  an  inconsistent  definition  of  significance.  Moreover,  the  reference  point 
for  comparison  may  differ  between  studies.  While  most  authors  use  some  sort  of  control 
as  a  reference  point,  it  is  unlikely  that  the  control  site  or  treatment  represents  the  same 
level  of  benthic  community  health  in  all  studies. 

Ideally,  data  from  a  single  investigator  would  be  utilized  to  ensure  consistency;  however, 
it  is  seldom  possible  to  obtain  data  over  a  sufficient  concentration  range  for  all 
contaminants  of  interest  from  a  single  study.  We  relied  heavily  on  acute  toxicity  data 
from  the  U.S.  Corps  of  Engineers  (Aqua-Tech,  I983-19S6)  in  compiling  an  AET  database 
for  freshwater  sediments,  although  data  from  59  sources  were  utilized.  For  acute 
toxicity  endpoints,  we  used  only  data  in  which  control  survival  was  90%  or  better. 

Where  authors  reported  statistical  significance  based  on  replicate  data,  or  we  were  able 
to  perform  the  test  (p  <  0.05),  this  was  used  as  the  criterion  of  significance,  and  an 
effect  significance  code  of  0  or  1  was  assigned.  In  other  studies,  where  a  statistical 
comparison  to  control  was  lacking,  but  a  dose-response  was  evident,  a  code  reflecting 
loss  of  normal  function  relative  to  control  was  assigned  to  each  response: 

Code  %  of  Control 


0  >80 

2  <80 

3  70 
k  60 

5  50 

6  ifO 

7  30 

8  20 

9  10 

Any  code  of  one  or  greater  was  considered  significant  for  purposes  of  AET  estimation. 
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The  response  code  was  plotted  against  concentration  for  each  contaminant  in  order  to: 

o       determine     the     AET     concentration     above     which     all     responses     were 

significant;  and 
o       determine  whether  the  response  level  tended  to  increase  with  concentration. 

If  the  highest  concentration  did  not  ellicit  a  significant  response,  then  an  AET  could  not 
be  calculated. 

These  AET  plots  were  produced  using  three  different  data  subsets  for  each  chemical 
parameter: 

o  all  data  (multiple  species  and  endpoints), 
o  survival  data  only  (multiple  species),  and 
o        Hexagenia  survival  only. 

Survival  was  the  most  common  endpoint  in  the  database,  and  Hexagenia  was  the  most 
common  single  species.  Hexagenla  is  well  known  as  a  sensitive  species  present  in  most 
pristine  freshwater  environments.  However,  the  acute  toxicity  tests  which  dominate  the 
database  do  not  generally  use  the  most  sensitive  life  stages.  This  is  a  limitation  of  the 
available  AET  database. 

The  AET  plot  for  copper,  based  on  Hexagenia  survival,  is  shown  in  Figure  3.1.  More  data 
were  available  for  copper  than  for  any  other  compound.  Similar  plots  for  lead  and  zinc 
are  shown  in  Figures  3.2  and  3.3,  respectively.  No  other  AET  values  could  be  calculated 
based  on  Hexagenia  survival  (i.e.,  highest  concentrations  were  ineffective).  The  survival 
measure  was  typically  an  acute  test  endpoint. 

Table  3.10  lists  the  AET  values  derived  from  all  three  data  subsets,  compared  to 
regulatory  criteria.  The  toxicity  data  supporting  each  AET,  from  the  highest  ineffective 
concentration  to  the  highest  concentration  studied,  are  listed  in  Appendix  Tables  B-1  to 
B-3  for  copper,  lead  and  zinc.  The  AET  based  on  Hexagenia  is  consistently  lower  than 
that  based  on  a  multiple  species  data  set,  as  is  expected  from  the  known  sensitivity  of 
this  species.    Hexagenia  AETs  could  not  be  calculated  for  organic  contaminants. 
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Multiple  species  AETs  for  organic  contaminants  were  often  'less  than'  concentration 
values.  In  some  cases  (endrin,  chlordane),  it  was  possible  to  compute  an  AET  using 
quantitative  concentrations  only.    In  these  cases,  both  AET  values  are  shown  in  the  table. 

For  metals,  the  AET  guidelines  tend  to  be  higher  than  either  the  background  or 
partitioning  guidelines.  They  also  tend  to  be  higher  than  the  SLC  guidelines  (Section 
3,'i).  An  order  of  magnitude  correction  has  been  suggested  to  adjust  from  acute  to 
chronic  protection  (Mackay  et  aL,  1987).  Such  an  adjustment  to  Hexagenia  AETs  would 
yield  guidelines  in  the  same  range  as  other  methods. 

For  organic  contaminants,  AET  guidelines  are  less  supportable,  since  they  cannot  be 
computed  from  Hexagenia  data  (or  for  any  other  single,  sensitive  species).  In  some  cases 
(e.g.,  heptachlor),  multiple  species  AETs  exceed  partitioning  guidelines  by  approximately 
an  order  of  magnitude,  while  in  other  cases  (e.g.,  total  DDT)  they  are  close  to 
partitioning  values. 

3.4  Screening  Level  Concentration 

The  Screening  Level  Concentration  (SLC)  approach  was  developed  and  tested  by  Battelle 
(Neff  et  al^  1986)  primarily  for  use  with  nonpolar  organic  compounds.  The  approach  uses 
field  data  on  the  co-occurrence  in  sediments  of  benthic  infaunal  species  and  different 
concentrations  of  contaminants.  The  SLC  is  an  estimate  of  the  highest  concentration  of 
a  contaminant  that  can  be  tolerated  by  approximately  95%  of  benthic  infaunal  species. 

Calculation  of  the  SLC  is  a  two-stage  process.  First,  for  a  large  number  of  species  (at 
least  ten  for  each  chemical),  the  species  SLC  (or  SSLC)  is  calculated  as  the  90th 
percentile  of  the  concentration  distribution  over  all  sites  (at  least  ten)  where  the  species 
is  present.  Second,  the  5th  percentile  of  the  SSLC  distribution  is  determined.  This  is  the 
concentration  which  95%  of  species  tolerate. 

An  implicit  assumption  is  that  the  database  includes  concentrations  over  the  full  range  of 
tolerance  for  each  species.  This  is  important,  though  sometimes  difficult  to  verify.  An 
SLC  will  be  generated  whether  or  not  the  assumption  is  satisfied. 
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Since  the  method  was  developed  for  nonpolar  organic  contaminants,  sediment 
concentrations  are  TOC-normalized  in  an  effort  to  represent  contaminant  availability  to 
the  organism  (i.e.,  concentration  expressed  in  ug/gC).  However,  the  method  can  be 
applied  without  TOC-normalization  for  contaminants  whose  availbility  is  better 
represented  by  bulk  sediment  concentration.  We  applied  the  method  both  ways,  and  also 
converted  TOC-normalized  SLC  criteria  to  a  bulk  sediment  basis  using  an  assumption  of 
'f%  TOC  in  sediments. 

Table  3.11  summarizes  the  results  of  these  calculations  for  the  main  database.  Bulk 
sediment  SLCs  for  metals  are  invariably  lower  than  background  and,  therefore,  of  limited 
use.  However,  TOC-normalized  SLCs,  when  adjusted  back  to  a  bulk  sediment  basis  for 
purposes  of  comparison,  tend  to  be  slightly  above  background  for  most  metals  (mercury 
and  manganese  values  are  slightly  below).  For  the  nonpolar  organics,  these  SLC 
guidelines  tend  to  exceed  equilibrium  partitioning  guidelines  by  one  to  two  orders  of 
magnitude. 

The  implication  of  bulk  SLCs  below  the  upper  limit  of  background,  if  bulk  concentrations 
are  assumed  to  represent  toxic  potential,  is  that  some  of  the  higher  background 
concentrations  would  have  adverse  impacts  on  some  sensitive  species.  This  is  quite 
possible,  although  it  does  not  provide  a  practical  SLC  guideline.  Alternatively,  this 
situation  could  arise  from  not  covering  the  full  metal  tolerance  range  of  all  species  in 
the  SLC  database,  hence  underestimating  some  of  the  SSLCs,  For  most  species,  there  is 
insufficient  toxicity  test  data  to  resolve  this  issue. 

The  fact  that  TOC-normalized  SLCs  for  metals,  when  adjusted  back  to  a  bulk  sediment 
basis,  tend  to  be  higher  than  bulk  SLCs,  indicates  that  the  lowest  SSLCs  tend  to  be  from 
lower-than-average  TOC  samples.  It  is  reasonable  that  such  samples  would  be 
particularly  toxic  if  TOC  controls  metal  availability.  However,  the  backward  adjustment 
based  on  average  TOC  for  the  database,  is  for  purposes  of  comparison  only.  The 
guidelines  would  be  expressed  in  ug/g  C.  The  best  normalization  procedures  for 
representation  of  metal  availability  are  as  yet  unresolved.  DiToro  et  aL  (1987)  have 
recently  proposed  a  more  complex  procedure,  based  on  TOC,  Fe  and  Mn  oxide 
concentrations,  and  sediment  porosity. 
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Appendix  Figures  C-1  to  C-31  show  SLC  plots  for  metals  and  nonpolar  organic 
contaminants,  using  the  main  database.  The  species  represented  on  each  plot  can  be 
determined  from  Appendix  Tables  C-1  to  C-31  listing  the  SSLCs  for  each  species.  In 
total,  100  benthic  species  (Appendix  Table  C-32)  were  included  in  the  analysis,  although 
the  species  used  for  any  particular  contaminant  were  only  those  present  with  the 
contaminant  at  ten  or  more  sites.  The  SLC  method  is  highly  dependent  on  the  number  of 
tolerant  vs.  sensitive  species  included  in  the  database. 

Appendix  Figures  D-1  to  D-7,  and  Tables  D-1  to  D-7  show  SLC  plots  and  SSLC  listings  for 
arsenic,  chromium,  copper,  iron,  mercury,  zinc  and  PCBs,  based  on  the  MOE  In-Place 
Pollutants  database.  Table  D-8  shows  that  the  SLC  values  derived  from  this  database  are 
generally  comparable  to  those  listed  in  Table  3.11.  The  greatest  differences  are  for 
PCBs  and  arsenic,  where  the  SLCs  based  on  MOE  data,  if  bulk  concentrations  are 
assumed  to  represent  toxic  potential,  are  respectively  0.25  and  O.'f^  times  those  listed  in 
Table  3.11. 

3.5  Bioassay  Approach 

In  this  approach,  dose-response  relationships  are  determined  by  exposing  test  organisms 
to  sediments  with  a  known  single  toxicant  concentration  or  that  have  been  spiked  with 
known  amounts  of  the  contaminant.  Sediment  quality  criteria  values  can  then  be 
determined  using  the  sediment  bioassay  data  in  the  manner  that  aqueous  bioassays  are 
used  to  establish  water  quality  criteria. 

In  the  field-based  approach  using  sediments  with  known  single  toxicant  concentrations, 
the  presence  of  other  contaminants  may  influence  the  sublethal  or  lethal  response  due  to 
synergistic  or  antagonistic  effects.  In  contrast,  the  spiked  bioassay  approach  can 
establish  more  definitively  cause-and-effect  relationships  between  contaminants  and 
toxic  biological  responses.  Contaminants  can  be  tested  individually  or  in  combination. 
Furthermore,  interactive  effects  of  contaminant  mixtures  can  be  identified  and 
quantified. 

Spiking  techniques  for  spiked  bioassays  have  not  been  standardized  (e.g.,  metal  salts  or 
solvent  carriers,  mixing  procedures,  equilibration  periods,  type  of  substrate).  These 
methodological  variations  can  strongly  influence  the  bioassay  result  and  will  contribute 
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to  the  variability  of  a  database  incorporating  results  from  different  laboratories. 
Standardization  of  technique  would  increase  the  usefulness  of  new  spiked  bioassay  data. 

The  major  limitation  of  this  approach  is  the  amount  of  research  effort  required  to  test 
potentially  toxic  contaminants.  The  field-based  approach  has  been  undertaken  by  Malueg 
et  ah  (198'*a,  b),  where  copper  was  identified  as  the  toxic  contaminant.  The  spiked 
bioassay  approach  has  been  used  primarily  for  metals  (e.g.,  Birge  £t  ah,  1977;  Cairns 
et  aL,  198^*;  Francis  et  aL,  1984;  Nebeker  et  aL,  1986a;  Kosalwat  and  Knight,  1987a,  b), 
although  some  preliminary  bioassay  work  has  been  undertaken  with  sediments  enriched 
with  nonpolar  organic  contaminants  (e.g..  White,  1984;  Keilty,  1987;  Keilty  et  ah,  1988). 
However,  this  research  has  generally  involved  short-term  acute  exposures  with  only  a 
small  number  of  benthic  macroinvertebrate  and  fish  species. 

Table  3.12  presents  available  dose-response  data  based  on  the  bioassay  approach. 

A  number  of  other  studies  involving  the  bioassay  approach  were  reviewed.  However,  the 
experimental  results  did  not  suit  the  required  format  for  inclusion  in  Table  3.12  (i.e., 
spiked  bioassay  data  involving  single  measured  contaminants).  These  studies  are 
discussed  below. 

Nebeker  et  aL  (1986a)  spiked  freshwater  sediments  and  water  with  cadmium  to 
determine  if  cadmium  in  the  sediment  would  cause  increased  toxicity  to  the  amphipod 
Hyalella  azteca.  Test  exposures  were  2.5,  5.0,  10,  20  and  40  mg  cadmium  added  to  800 
mL  of  water  and  200  mL  of  sediment.  Sediment  cadmium  concentrations  were  not 
reported.  The  96-hour  LC50  value  for  a  test  without  sediment  was  8  ug/L  total 
cadmium;  two  ten-day  LC50  values  were  less  than  2.8  and  6.0  ug/L.  For  tests  with 
sediment,  the  96-hour  LC50  values  for  total  and  soluble  cadmium  in  water  above  the 
sediment  were  74  and  6.6  ug/L,  respectively.  The  ten-day  LC30  for  total  vs.  soluble 
cadmium  in  the  test  was  80  ug/L,  similar  to  the  96-hour  LC50  for  total  cadmium, 
indicating  that  little  additional  mortality  occurred  after  96  hours.  The  higher  LC50 
values  for  total  cadmium  indicate  that  much  of  the  cadmium  in  tests  with  sediments  is 
likely  bound  to  particulate  and  soluble  organic  materials,  making  it  unavailable  to  exert  a 
toxic  effect  on  the  organisms. 

As  part  of  a  series  of  laboratory  studies  on  the  role  of  contaminated  sediment  in  the 
sublethal  or  lethal  effects  of  trace  metals  in  benthic  macroinvertebrates,  Wentsel  et  al. 
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(1977a)  exposed  chironomid  larvae  (Chironomus  tentans)  for  17  days  to  five  sediments 
from  Palestine  Lake,  Indiana,  with  varying  concentrations  of  heavy  metals.  The  control 
sediment  had  levels  of  0.6  ug/g  cadmium,  17  ug/g  chromium  and  77  ug/g  zinc,  whereas 
the  two  most  contaminated  sediments  had  levels  up  to  1,030  ug/g  cadmium,  2,130  ug/g 
chromium  and  17,300  ug/g  zinc.  Survival  of  the  chironomid  larvae  ranged  from  46%  in 
the  most  contaminated  sediment  to  81%  in  the  control  sediment,  with  the  difference  in 
survival  between  the  control  and  most  contaminated  sediment  being  statistically 
significant.  In  addition,  the  mean  length  and  weight  of  the  larvae  from  the  control 
sediment  were  1.83  cm  and  2.86  mg,  respectively.  In  contrast,  the  mean  length  and 
weight  of  larvae  from  the  most  contaminated  sediment  were  only  0.82  cm  and  0.20  mg, 
respectively.  A  linear  relationship  was  found  for  the  square  root  of  length  versus  metal 
levels  in  the  sediment,  indicating  that  these  metals  are  a  likely  cause  for  the  inhibition 
of  chironomid  larvae  development. 

Sediments  from  the  Phillips  Chain  of  Lakes  in  Wisconsin  were  tested  by  Malueg  et  al. 
(1984b)  for  acute  toxicity  using  the  mayfly  nymph  Hexagenia  limbata.  None  of  the  test 
sediment  mortalities  (6.7  to  13.3%)  over  the  ten-day  exposure  were  significantly 
different  from  the  control  (6.7%).  The  most  contaminated  test  sediment  contained  4.9 
ug/g  cadmium,  980  ug/g  chromium,  540  ug/g  copper,  9.4  ug/g  mercury,  350  ug/g  nickel, 
160  ug/g  lead  and  570  ug/g  zinc.  Only  chromium  and  copper  were  found  in  the  overlying 
water  in  detectable  amounts  (maximum  concentrations  of  225  and  110  ug/L, 
respectively). 

Magnuson  et^aL  (1976)  reported  that  concentrations  of  mercury  between  0.6  and  3.0  ug/g 
in  sediments  affected  the  activity  behaviour  of  the  amphiod  Pontoporeia  affinis,  with  a 
decline  in  the  number  of  active  animals  and  decreased  activity  rates.  In  contrast,  zinc 
concentrations  between  58.5  and  123.5  ug/g  in  sediments  did  not  cause  a  change  in  the 
numbers  of  active  P.  affinis;  however,  their  rate  of  activity  was  significantly  lower 
compared  to  controls. 

A  number  of  studies  have  demonstrated  avoidance  reactions  of  benthic  invertebrates  to 
contaminated  sediments.  For  example,  Wentsel  et  aL  (1977b)  established  a  linear 
relationship  between  cadmium  and  zinc  concentrations  in  sediments  and  avoidance  by  the 
midge  larva  C.  tentans.  An  approximate  threshold  avoidance  of  metals  in  the  sediments 
was  determined  to  be  213  to  422  ug/g  of  cadmium,  4,385  to  8,330  ug/g  of  zinc,  and  799  to 
1,513  ug/g  of  chromium.     McMurtry  (1984)  reported  an  avoidance  response  of  tubificid 
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oligochaetes  Tubifex  tubifex  and  Limnodrilus  hoffmeisteri  to  dosed  Toronto  Harbour 
sediment  containing  sublethal  concentrations  of  copper  (570  ug/g)  and  zinc  (1,135  ug/g) 
alone,  or  copper  (550  ug/g)  and  zinc  (1,080  ug/g)  in  combination.  The  effect  of  copper 
and  zinc  in  combination  was  not  significantly  greater  than  that  of  either  metal  alone. 

As  part  of  his  avoidance  studies,  McMurtry  (1982)  conducted  96-hour  static  toxicity  tests 
to  determine  concentrations  of  copper  and  zinc  in  sediment  that  caused  no  acute 
mortality  to  T.  tubifex  and  L.  hoffmeisteri,  yet  would  elicit  a  sublethal  avoidance 
response.  Virtually  complete  survival  (98  to  99%)  of  both  species  occurred  in  spiked 
sediments  with  concentrations  of  copper  (655  ug/g)  and  zinc  (1,300  ug/g)  alone,  or  copper 
(625  ug/g)  and  zinc  (1,360  ug/g)  in  combination.  Copper  concentrations  (0.078  mg/L)  in 
the  water  overlying  the  test  sediments  spiked  with  copper  was  below  the  fS-hour  LC50 
value  of  0.89  mg/L  copper  for  T.  tubifex  (Brkovic-Popovic  and  Popovic,  1977a).  Zinc 
concentration  (2.69  mg/L)  in  overlying  water  of  the  sediment  zinc  exposure  was  also 
below  the  ^8-hour  LC50  value  of  60.2  mg/L  zinc  (Brkovic-Popovic  and  Popovic,  1977a). 
Copper  (0.053  mg/L)  and  zinc  (7.5tt  mg/L)  concentrations  in  the  water  overlying  sediment 
spiked  with  both  copper  and  zinc  were  also  below  the  respective  LC50  values  for 
T.  tubifex. 

Birge  et  aU  (1977)  evaluated  the  embryopathic  effects  of  cadmium,  mercury  and  zinc 
released  from  metal-enriched  sediments  on  goldfish  (Carassius  auratus).  Sediments  were 
enriched  with  each  metal  at  four  enrichment  levels  starting  at  0.1  ug/g  and  increasing  at 
ten-fold  intervals  to  100  ug/g.  Exposure  was  initiated  after  fertilization  and  maintained 
through  four  days  post-hatching.  Toxicity  results  are  presented  as  frequency  of  percent 
mortality  in  the  metal-enriched  bioassays  over  that  in  the  control  bioassays.  Percent 
mortality  in  the  control  was  not  given.  For  all  test  bioassays  of  spiked  sediments, 
embryonic  mortality  was  appreciably  higher  than  for  the  controls.  However,  no 
relationship  was  evident  between  the  frequency  of  percent  mortality  and  increasing 
sediment  metal  concentration  over  the  range  tested. 

LeGore  and  DesVoigne  (1973)  conducted  static  96-hour  bioassays  exposing  threespine 
sticklebacks  (Gasterosteus  aculeatus)  to  suspensions  of  sediment  (doses  of  up  to  5%  wet 
weight)  from  the  Duwamish  Waterway,  Seattle,  Washington.  No  observable  effect  on  the 
fish  was  observed.  Metal  concentrations  in  the  sediments  tested  ranged  from  0.0'*  to 
0.13  ug/g  mercury,  10  to  59  ug/g  lead,  122  to  201  ug/g  zinc,  27  to  30  ug/g  nickel  and 
9,000  to  ti2,000  ug/g  iron. 
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White  (198^*)  and  Keilty  (1987)  reported  on  preliminary  results  of  acute  and  chronic 
toxicity  of  a  number  of  organic  contaminants  in  sediments  on  oligochaete  worms.  Based 
on  96-hour  toxicity  tests,  Stylodrilus  heringianus,  L.  hoffmeisteri  and  Potamothrix 
vejdovskyi  showed  no  mortality  in  sediment  spiked  with  concentrations  of  2,k,5,2\^\3'- 
hexachlorobiphenyl  (HCBP)  up  to  1,000  ug/g.  Data  analysis  of  sediment  reworking  rates 
showed  no  significant  differences  between  the  control  and  test  sediments  spiked  with 
HCBP  concentrations  of  90,  \k2,  223,  500,  989  and  1,200  ug/g. 

Keilty  (1987)  also  conducted  96-hour  exposure  tests  on  S.  heringianus  to  aldrin,  p,p-DDT, 
chlordane,  endrin  and  mirex  at  concentrations  of  0.005  and  1,000  ug/g  in  sediments.  At 
the  low  concentration,  percent  survival  after  96  hours  was  ^^0%  for  mirex,  60%  for 
chlordane,  70%  for  p,p-DDT,  and  100%  for  aldrin  or  endrin.  At  the  high  concentration, 
percent  survival  was  0%  for  chlordane,  30%  for  mirex,  ^^0%  for  endrin,  and  50%  for  p,p- 
DDT  and  aldrin. 

Based  on  the  dose-response  data  presented  in  Table  3.12  as  well  as  the  bioassay  data 
discussed  above,  tentative  sediment  quality  guidelines  have  been  developed.  These 
guidelines  are  presented  and  compared  to  regulatory  guidelines  in  Table  3.13.  The 
tentative  guideline  values  for  cadmium,  mercury  and  zinc  can  be  considered  to  be 
conservative  as  they  are  based  on  seven-day  embryo-larval  exposures  of  rainbow  trout, 
Salmo  gairdneri  (the  most  sensitive  life-stage  of  a  sensitive  fish  species). 

For  copper,  the  ten-day  LC50  value  of  857  ug/g  for  Chironomus  tentans  exposure  with  a 
safety  factor  of  0.1  was  used  as  the  basis  of  tentative  guideline  development.  The 
application  factor  of  0.1  was  derived  from  water  quality  criteria  development  data  sets 
that  suggest  that  lethal  thresholds  are  approximately  0.5  of  the  LC50  values.  An 
extensive  evaluation  of  sublethal  data  by  Mayer  et  ah  (1986)  indicated  that  0.2  of  the 
threshold  lethal  concentration  provides  a  good  estimate  of  NOEC  (no  observed  effects 
concentration)  values.   The  product  of  the  two  values  {OJ  x  0.2)  provides  the  0.1  factor. 

For  chromium,  the  value  of  980  ug/g,  reported  by  Malueg  et  ah  (198'fb)  as  a  maximum 
concentration  at  which  mortality  of  Hexagenia  limbata  was  not  significantly  different 
from  the  control,  was  used  as  the  basis  of  tentative  guideline  development,  followed  by 
application  of  a  safety  factor  of  0.1. 
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For  endrin,  the  96-hour  avoidance  EC50  value  of  17  ug/g  for  Stylodrilus  heringianus  with 
a  safety  factor  of  0.1  was  used  as  the  basis  of  tentative  guideline  development.  In  this 
case,  a  safety  factor  of  0.1  was  applied  to  account  for  the  short  test  duration.  Mackay 
et  ah  (1987)  have  suggested  an  order  of  magnitude  adjustment  to  shift  from  acute  to 
chronic  protection. 

The  tentative  guideline  values  for  cadmium  and  zinc  based  on  the  bioassay  approach  were 
two  times  higher  than  the  regulatory  values.  The  tentative  guideline  value  for  chromium 
was  four  times  higher  than  the  MOE  and  U.S.  EPA  guidelines  and  the  same  as  the  WDNR 
guideline.  The  tentative  guideline  value  for  copper  was  higher  than  the  MOE  and  U.S. 
EPA  guidelines,  but  lower  than  the  WDNR  guideline.  The  tentative  guideline  value  for 
mercury  was  the  same  as  the  U.S.  EPA  guideline  value,  and  above  the  MOE  and  WDNR 
guidelines.  Finally,  the  tentative  guideline  for  endrin  was  50  times  higher  than  the 
WDNR  guideline,  probably  due  to  extreme  tolerance  of  the  oligochaete  species  tested. 

Application  of  the  bioassay  approach  in  development  of  sediment  quality  guidelines  is 
currently  limited  by  availability  of  data,  particularly  for  chronic  test  endpoints  and 
sensitive  life  stages. 
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TABLE  3.1: 


MEAN  AND  MAXIMUM  BACKGROUND  METAL  CONCENTRATIONS 


Concentration 

95%  Upper 

(UR/S 

unless  other 

wise  indica 

ted) 

Confidence 

Metal 

N 

Mean 

Minimum 

Maximum 

S.D. 

Limit 

Arsenic 

7 

it.2 

0.6 

11.5 

4.0 

12 

Cadmium 

36 

1.1 

0.1 

3.2 

0.7 

2.5 

Chromium 

36 

31 

1 

73 

22 

77 

Copper 

^2 

25 

3 

80 

19 

63 

Iron  (%) 

27 

3.12 

1.10 

5.66 

1.36 

5.92 

Lead 

37 

23 

3 

90 

16 

56 

Manganese  (%) 

23 

O.Qit 

O.OOif 

0.15 

0.04 

0.12 

Mercury^ 

2U 

0.10 

OM 

0.69 

- 

0.61 

Nickel 

35 

31 

6 

89 

21 

73 

Zinc 

tl 

65 

5 

210 

39 

143 

Geometric  mean  and  95%  upper  confidence  limit. 
Mean  +  t  q^  SD;  90%  upper  confidence  limit  for  arsenic. 


TABLE  3.2:  PROPOSED  SEDIMENT  QUALITY  GUIDELINES  FOR  METALS  BASED 

ON  BACKGROUND  APPROACH  OF  THIS  STUDY  COMPARED  TO 
REGULATORY  GUIDELINES 


Concentrati 

on  (uk/k 

unless  otherwise  indicated) 

Proposed 

U.S.  EPA 

Metal 

Guideline 

MOE^ 

Region  V^ 

wdnr'' 

Arsenic 

12 

S 

3 

10 

Cadmium 

2J 

1 

- 

1 

Chromium 

75 

25 

25 

100 

Copper 

65 

25 

25 

100 

Iron  (%) 

5.9 

1 

1.7 

_ 

Lead 

55 

50 

itO 

50 

Manganese  (%) 

0.12 

- 

0.03 

- 

Mercury 

0.6 

0.3 

1 

0.1 

Nickel 

75 

25 

20 

100 

Zinc 

i«t5 

100 

90 

100 

This  study;  values  based  on  95%  upper  confidence  limit,  except  for  arsenic,  which  is 
based  on  90%  upper  confidence  limit;  some  limit  values  rounded  slightly. 

Open  water  dredge  spoil  disposal  guidelines  (Persaud  and  Wilkins,  1976). 

Guidelines  for  the  poUutional  classification  of  Great  Lakes  harbour  sediments  (U.S. 
EPA,  1977). 


Wisconsin  Department  of  Natural  Resources  interim  criteria  and  guidance  criteria  for 
in-water  disposal  of  dredge  material  (Sullivan  etaL,  1985). 
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TABLE  3.(i:  PROPOSED  SEDIMENT  QUALITY  GUIDELINES  FOR  ORGANICS 

BASED  ON  THE  CONTEMPORARY  BENCHMARK  APPROACH  OF 
THIS  STUDY  COMPARED  TO  REGULATORY  GUIDELINES 


Organic 


Proposed 
Guideline 


Concentration  (ug/g) 


MOE 


U.S.  EPA 
Region  V 


WDNR 


Aldrin 

a-BHC 

/3-BHC 

^-BHC 

o:-Chlordane 

■5-Chlordane 
oxy-Chlordane 
Chlordane 
o,p-DDT 
p,p-DDD 
p,p-DDE 
p,p-DDT 
Total  DDT 
Dieldrin 
Endrin 
HCB 

Heptachlor 
Heptachlor  Epoxide 
Mirex 
Total  PCB 


0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.00 1 
0.001 
0.002 
0.003 
0.005 

0.01 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.02 


0.01 


0.05 


0.01 


0.05 


0.01 
0.01 
0.05 

0.05 
0.05 


Highest  of  Lake  Huron  or  Lake  Superior  mean  (Glooschenko  et  aL,  1976;  Frank  et  al 
1979b). 
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TABLE  3.7:  SEDIMENT  QUALITY  GUIDELINES  FOR  ORGANIC  COMPOUNDS 

HAVING  PROVINCIAL  WATER  QUALITY  OBJECTIVES,  BASED  ON 
EQUILIBRIUM  PARTITIONING 


Compound 


PWQO 
(ug/L) 


log  Kj^  Sediment  Quality  Guideline  (ug/g  C) 

(95%  CI)  Mean  (95%  CI) 


Aldrin 

0.001 

6.02 

is-BHC 

0.01 

3.29  (2.69-3.90) 

Chlordane 

0.06 

3.9'f  (2.99-^.89) 

DDT  (total) 

0.003 

5.92  (5.26-6.58) 

Dieldrin 

0.001 

^^.8^  (3.71-5.97) 

Endrin 

0.002 

^♦.36  (3.45-5.29) 

Hexachlorobenzene 

0.0007* 

6.31 

Heptachlor^ 

0.001 

HAG  (3.59-5.34) 

PCBs 

0.001 

6.14  (5.44-6.85) 
(Aroclor  1254) 

1.05 

0.0195 

(0.0049-0.0794) 

0.523 

(0.0586-4.66) 

2J0 

(0J50-11.4) 

0.062 

(0.0051-0.933) 

0.0458 

(0.0056-0.39) 

1.43 

0.0288 

(0.0039-0.2188) 

1.38 

(0.275-7.07) 

*  Recommended  PWQO  (McCarty  et  aL,  1983), 


PWQO  for  heptachlor  plus  heptachlor  epoxide;  K      for  heptachlor. 


o 


o  :=:, 


^     E 


»     5 


_X       au     — 


o 

z 

z 

O 

o 

u 

H 

(.J 

1- 

z 
< 

(7 

< 

Cu 

Di 

:^ 

o 

D 

Qi 

a 

o 

cd 

U- 

J 

t/1 

III 

D 

7" 

O 

LU 

z 

n 

o 

~) 

G 

u 

UJ 

>■ 

< 

H 

CQ 

< 

^ 

S 

H 

J 

Z 

lU 

LU 

n 

^ 

Q 

<  > 

a    r- 


O  O 

So* 


•-  2 

S  < 


—        x: 


h- 

Q 

lo 

■3- 

G 

Q 

<>j 

rsi 

O 

Q 

CD 

£Q 

4 

Q. 

U 

u 

Q. 

d 

D. 

Q. 

TABLE  3.11; 


SCREENING  LEVEL  CONCENTRATION  (SLC)  VALUES  COMPARED 
TO  EXISTING  REGULATORY  GUIDELINES 


Screenir 

g  Level  Concentration 

Existing  Guideline 

(ug/g) 

Normalized 

X 

Bulk 

by  TOC 

0.0^ 

MOE^ 

U.S.  EPA 
Region  V^ 

Contaminant 

(ug/g) 

(ug/g  C) 

(ug/g) 

WDNR^ 

Arsenic 

5.5** 

980»* 

39 

8 

3 

10 

Cadmium 

0.59 

89 

3.5 

1 

_ 

1 

Chromium 

21.6 

3,370 

13^* 

25 

25 

100 

Copper 

15A 

2,320 

93 

25 

25 

100 

Iron  (%) 

2.1 

♦ 

- 

1 

1.7 

_ 

Lead 

30.7 

2,9^*0 

118 

50 

W 

50 

Manganese 

^57 

27,700 

1,108 

- 

30 

- 

Mercury 

0.12 

11 

OM 

0.3 

1 

0.1 

Nickel 

15.0 

2,290 

92 

25 

20 

100 

Zinc 

110 

1^^,080 

563 

100 

90 

100 

Heptachlor 

0.0005 

0.2 

0.008 

_ 

_ 

0.05 

Endrin 

0.01 

0.3 

0.012 

- 

- 

0.05 

Mirex 

0.003 

0.7 

0.028 

- 

- 

_ 

Aldrin 

0.0005 

0.2 

0.008 

_ 

_ 

0.01 

Chlordane 

0.003 

0.75 

0.03 

_ 

_ 

0.01 

p,p-DDT 

0.006 

0.9 

0.036 

- 

_ 

_ 

p,p-DDD 

0.01 

0.8 

0.032 

- 

- 

- 

p,p-DDE 

0.002 

0.5 

0.02 

. 

_ 

_ 

o,p-DDT 

0.00^ 

0.6 

0.02if 

- 

- 

- 

PCB  125^ 

0.393 

5.8 

0.23 

_ 

_ 

_ 

PCB  [2i4d. 

0.1^5 

3A 

0.14 

_ 

_ 

_ 

PCB  1016 

0.026 

0.7 

0.03 

_ 

_ 

_ 

PCB's 

0.1^*3** 

le.'f** 

0.65 

0.05 

10 

0.05 

Dieldrin 

0.009 

1.9 

0.076 

_ 

_ 

0.01 

BHC 

0.001 

0.32 

0.013 

- 

- 

- 

5^-BHC 

0.003 

0.3 

0.012 

_ 

_ 

0.05 

/3-BHC 

0.005 

0.5 

0.02 

_ 

_ 

- 

a -BHC 

0.003 

0.6 

O.OIH 

_ 

- 

- 

HCB 

0.009 

2.0 

0.08 

_ 

_ 

- 

Heptachlor  Epoxide 

0.01^ 

0.^5 

0.018 

_ 

_ 

- 

3^-Chlordane 

0.005 

0.5 

0.02 

- 

- 

- 

Open  water  dredge  spoil  disposal  guidelines  (Persaud  and  Wilkins,  1976). 

Guidelines  for  the  pollutional  classification  of  Great  Lakes  harbour  sediments  (U.S. 

EPA,  1977). 

Wisconsin  Department  of  Natural  Resources  interim  criteria  and  guidance  criteria  for 

in-water  disposal  of  dredge  materials  (Sullivan  £t  ah,  1985). 

TOC-normalized  SLC  for  iron  greater  than  g/g. 

Based  on  MOE  In-Place  Pollutants  data,  TOC-normalized  SLCs  for  arsenic  and  PCBs 

are    ^37    and    ^.1     ug/g    C,    respectively.       Bulk    values    are    5.5    and    0.029    ug/g, 

respectively. 
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TABLE  3.13:  TENTATIVE  SEDIMENT  QUALITY  GUIDELINES  BASED  ON 

BIOASSAY  APPROACH 


U^.  EPA 

Parameter 

Guideline 

MOE^ 

Region 

V3 

wdnr'' 

Cadmium 

2 

1 

- 

1 

Chromium 

100^ 

25 

25 

100 

Copper 

85 

25 

25 

100 

Mercury 

1 

0.3 

1 

0.1 

Zinc 

210 

100 

90 

100 

Endrin 

1.7 

- 

- 

0.05 

This  study;  see  text  for  guideline  value  development  description. 

Open  water  dredge  spoil  disposal  guidelines  (Persaud  and  Wilkins,  1976). 

Guidelines  for  the  pollutional  classification  of  Great  Lakes  harbour  sediments  (U.S. 
EPA,  1977). 

Wisconsin  Department  of  Natural  Resources  interim  criteria  and  guidance  criteria  for 
in-water  disposal  of  dredge  material  (Sullivan  etaL,  1985). 

Based  on  field  bioassay  data  (Malueg  et  ah,  198'fb). 
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sediient  concentration  (ug/g) 


FIGURE  3.1:  HEXAGENIA  AET  PLOT  FOR  COPPER  IN  BULK  SEDIMENT 

(plot  symbols  indicate  number  of  observations, 
C  =  30-39,  F  =  60-69,  Q  =  170-179) 


10+ 


111       1 


11     11  11        1211 


3613132234         1  1 


0+37^71233321  34    22122211     1  1 


Effect 
No  Effect 


20  60  100  UO  180  220  260  300 

0  «  80  120  160  200  240  280  320 


sedi«ent  concentration  (ug/g) 


FIGURE  3.2:  HEXAGENIA  AET  PLOT  FOR  LEAD  IN  BULK  SEDIMENT 

(plot  symbols  indicate  number  of  observations,  A  -  10-19) 


ZINC 


11   111  142 


5+   2    1 


223A3   52131  111      1 


0+121542C73533352  332111  3       1 


Effect 
No  Effect 


fcO     180     300     A20     540     660     780     9O0 

120     240     360     480     600     720     840     960 


sediBCTt  concentration  (ug/g) 


FIGURE  3.3:  HEXAGENIA  AET  PLOT  FOR  ZINC  IN  BULK  SEDIMENT 

(plot  symbols  indicate  number  of  observations,  C  =  30-39) 


«^  COMPARISON  OF  APPROACHES 

Sediment  quality  guidelines  derived  by  six  different  approaches  are  compared  in  Table 
'f.l.  In  comparing  approaches,  all  guidelines  have  been  rounded  to  two  significant 
figures,  and  expressed  on  a  bulk  sediment  basis. 

The  approaches  compared  in  Table  kA  differ  both  in  level  of  environmental  protection 
intended  and  in  strength  of  supporting  rationale.  The  strength  of  a  rationale  is 
considered  here  to  lie  in  its  biological  basis,  and  the  soundness  of  the  link  to 
unacceptable  biological  effects  above  the  guideline  concentration. 

The  background  approach  has  no  biological  basis.  Nevertheless,  background  limits  are 
important  from  an  enforcement  perspective.  While  it  is  possible  to  observe  biological 
effects  in  some  species  at  metal  concentrations  indistinguishable  from  non-anthropogenic 
background,  it  is  difficult  to  justify  enforcement  of  a  standard  that  has  never  been 
realized  in  nature.  Thus,  background  limits  for  metals  provide  a  practical  lower  bound  on 
the  criterion  seiection  orocess.  For  organic  contaminants,  which  are  entirely 
anthropogenic,  a  contemporary  benchmark  based  on  current  upper  Great  Lakes  means 
may  provide  a  similar  practical  lower  bound  for  enforcement. 

Generic  partitioning  approaches  are  biologically  based  to  the  extent  that  existing  water 
or  tissue  criteria  are  biologically  based,  and  therefore  provide  more  defensible  guidelines 
than  the  background  approach.  In  practice,  due  to  present  uncertainties  in  application  of 
partitioning  methods  to  metals,  and  the  lack  of  true  background  limits  for  organics,  it  Is 
not  necessary  to  choose  between  partitioning  and  background  approaches.  For  some 
organic  contaminants,  the  contemporary  benchmark  and  partitioning  approaches  can  be 
compared,  after  adjustment  of  partitioning  values  to  a  bulk  sediment  basis.  Partitioning 
values  are  higher  for  total  DDT,  PCB  (FRV  approach)  and  chlordane  (PWQO  approach). 
Other  partitioning  values  are  lower  than  benchmark  on  a  bulk  sediment  basis. 

The  AET  and  SLC  approaches  are  both  directly  effects-based  and,  therefore,  more 
defensible  than  the  partitioning  approaches.  Nevertheless,  there  are  assumptions 
involved  (i.e.,  that  effects  observed  above  the  AET  concentration  are  related  to  the 
contaminant  of  interest,  or  that  concentrations  in  the  SLC  database  span  the  full 
tolerance  range  of  the  species  represented).  Consequently,  these  methods  are  less 
defensible  than  the  spiked  bioassay  method. 
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There  is  a  paucity  of  chronic  effects  data  suitable  for  AET  applications,  particularly  if 
consistency  in  level  of  protection  (i.e.,  single  species  and  endpoint)  is  desired. 
Consequently,  a  very  approximate  correction  factor  is  applied  here,  to  adjust  from  acute 
to  chronic  protection.  This  necessity  makes  the  AET  approach  somewhat  less  defensible 
than  the  SLC  approach  in  this  study  although,  with  further  chronic  data  acquisition,  the 
two  approaches  could  be  considered  equally  defensible.  There  is  currently  abundant  data 
for  Great  Lakes  application  of  the  SLC  approach. 

With  adjustment  from  an  acute  to  chronic  protection  level,  Hexagenia  AETs  for  metals 
are  very  close  to  the  upper  background  limits  (slightly  above  for  copper,  slightly  below 
for  lead  and  zinc).  The  SLC  guideline  for  copper  is  almost  identical  to  the  adjusted 
Hexagenia  AET  but,  for  lead  and  zinc,  the  SLC  is  approximately  five  times  higher.  These 
differences  for  lead  and  zinc  may  be  due  to  TOC-normalization  in  SLC  computation, 
since  SLCs  computed  from  bulk  data  agree  with  the  adjusted  Hexagenia  AETs  for  these 
metals.  DiToro  et  ah  (19S7)  have  devised  a  normalization  procedure  which  may  better 
represent  metal  availability,  based  on  TOC,  Fe  and  Mn  oxides,  and  porosity.  Extraction 
procedures  prior  to  chemical  analysis  might  also  provide  improved  measures  of  available 
metal;  however,  guidelines  based  on  such  measures  would  require  extraction  to  determine 
compliance. 

In  general,  SLC  guidelines  for  metals  are  slightly  higher  than  the  upper  background  limits 
(slightly  lower  for  manganese  and  mercury).  The  SLC  guidelines  for  organic  pesticides 
and  PCBs  are  slightly  higher,  in  general,  than  the  sediment-water  partitioning  guidelines 
(slightly  lower  for  chlordane).  Overall,  the  various  methods  agree  within  an  order  of 
magnitude. 

The  spiked  bioassay  approach  is  most  defensible,  since  the  observed  effects  are  known 
without  doubt  to  be  caused  by  the  contaminant  of  interest.  However,  due  to  the  paucity 
of  spiked  bioassay  data,  it  is  difficult  to  achieve  consistency  in  level  of  protection  (i.e.,  a 
variety  of  species  and  endpoints  must  be  considered).  This  problem  could  be  rectified 
with  further  chronic  data  acquisition,  particularly  if  standard  spiking  techniques  were 
adopted.  After  adjustment  of  acute  endpoints  to  represent  a  chronic  protection  level, 
the  spiked  bioassay  guidelines,  with  one  exception,  are  within  an  order  of  magnitude  of 
other  sediment  guidelines  for  the  same  toxic  substances.  The  exception  is  an  acute  test 
exposing  tubificid  oligochaetes  to  endrin.  Such  a  tolerant  organism  probably  should  not 
be  the  basis  of  a  sediment  quality  guideline. 
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COMPARISON  OF  PROPOSED  SEDIMENT  OUALITY  GUIDELINES  (ug/g)  BASED  ON  DIFFERENT 


Background 


Sed.-Wat.-Biota'^ 


BentfiK 
SLC^ 


Spikfd 
Bioassay 


As 

12 

Cd 

2.3 

Cr 

73 

Cu 

65 

Ft  (%) 

3.9 

Pb 

55 

Mn(%) 

0.12 

Hg 

o.« 

Ni 

73 

2n 

113 

Heptachlor 

0.001 

L  0.001 

L  0.001 

Endnn 

0.001 

L  0.001 

L  0.001 

Mirex 

0.001 

- 

- 

Aldrin 

0.001 

- 

- 

Chlordane 

0.001 

0,002 

L  0.001 

DDT  (total) 

0.001 

0.02 

0.08 

p^DDT 

0.003 

p.p-DDD 

0.002 

P4)-DDE 

0.003 

o,p-DDT 

L  0.001 

PCB  123'. 

PCB  I2I.S 

. 

PCB  1016 

- 

PCBs 

0.02 

0.01 

0.1» 

Dieldrin 

0.001 

L  0.001 

BHC 

. 

7-BHC 

0.001 

/3-BHC 

0.001 

. 

a-BHC 

0.001 

- 

HCB 

0.001 

- 

Heptachlor  Epoxide 

0.001 

. 

7-chlordane 

0.001 

lis 

. 

0.11 

. 

OAU 

1 

92 

. 

363 

210 

0.00t 

- 

0.012 

1.7 

0.02S 

0.00S 

. 

0.03 

- 

- 

- 

0.036 

. 

0.032 

. 

0.02 

. 

0.02i» 

. 

0.23 

. 

0.14 

- 

0.03 

- 

0.16» 

- 

0.076 

- 

0.013 

- 

0.012 

- 

0.02 

- 

0.020 

- 

Background  limit  (or  metals  is  upper  confidence  limit  of  pre-industrial  concentration  over  all  lakes,  with  some  rounding;  for  organi. 
it  IS  the  highest  of  the  Lake  Superior  or  Lake  Huron  contemporary  surticial  sediment  means. 


Baied  on  TOC-normalized  sediment  concentrations  and  adjusted  to  bulk  sediment  basis  assuming  an  average  1%  total  organic  carbon. 
Indicates  SLC  based  on  MOE  In-Place  Pollutants  data. 


5  J)          SELECTION  OF  CRITERIA 

In  accordance  with  the  merits  of  the  various  approaches  to  guideline  development,  as 
discussed  in  Section  U.O,  a  tiered  system  is  recommended  for  selection  of  a  final 
sediment  quality  guideline  for  each  chemical.  This  system  would  give  preference  to 
effects-based  values,  in  a  stepwise  procedure: 

1.  select  the  lowest  of  the  effects-based  guidelines  (chronic  Hexagenia  AET, 
SLC,  spiked  bioassay)  if  any  of  these  can  be  calculated. 

2.  if  this  value  is  below  the  upper  background  limit,  then  use  the  background 
limit  as  the  sediment  quality  guideline;  and 

3.  if  there  is  no  effects-based  guideline,  then  use  the  lowest  generic 
partitioning  value  (if  one  exists  above  background),  or  the  background  limit 
otherwise. 

The  rationale  for  this  procedure  is  that  effects-based  methods  are  more  defensible  than 
partitioning  methods,  and  partitioning  methods  are  more  defensible  than  background 
methods.  Partitioning  is  only  indirectly  effects-based,  to  the  extent  that  the  water  or 
tissue  quality  criterion  is  effects-based,  while  the  background  methods  are  not  based  on 
biological  effects  at  all. 

Following  this  selection  procedure,  the  recommended  sediment  quality  guidelines  in 
Table  5A  are  obtained.  Most  of  the  metal  guidelines  are  based  on  background  limits 
which  exceed  the  lowest  effects-based  limit,  while  most  of  organic  guidelines  are  based 
on  the  SLC  approach.  The  SLC  may  underestimate  the  chronic  effects  threshold  for 
some  organic  chemicals  where  the  database  may  not  cover  the  full  tolerance  range  of  all 
species  represented.   However,  this  error,  if  any,  is  conservative. 

The  rationale  for  a  selected  sediment  quality  guideline  should  include  an  outline  of  this 
selection  process,  in  addition  to  a  detailed  description  of  the  approach  used  to  derive  the 
selected  value.  For  example,  the  rationale  for  a  background  limit  would  begin  with  a  list 
of  effects-based  approaches  which  gave  guidelines  below  the  background  limit,  as  a 
justification  for  selecting  the  background  approach,  followed  by  a  description  of  the 
background  limit  derivation  as  the  upper  95%  confidence  limit  of  background  values  from 
specified  literature  sources.    Similarly,  the  rationale  for  an  SLC  guideline  would  list  the 
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effects-based  approaches  considered,  identify  the  SLC  value  as  the  lowest,  describe  the 
SLC  as  an  estimate  of  the  concentration  that  95%  of  the  species  considered  could 
tolerate,  and  list  the  intolerant  species  in  the  0-5  percentile  range. 

The  selected  sediment  quality  guidelines  should  be  identified  as  interim  values,  based  on 
available  data  at  the  time,  and  subject  to  revision  as  new  data  accumulate.  Subsequent 
revisions  should  follow  the  same  logical  selection  process,  though  using  an  expanded 
database,  in  order  to  maintain  a  consistent  rationale. 

The  guidelines  selected  in  Table  5.1  are  intended  to  provide  chronic  protection  of  the 
environment,  in  the  sense  that  sediment  contamination  above  these  limits  should  not  be 
permitted,  and  loadings  should  be  controlled  to  prevent  exceedence  of  these  limits. 
However,  many  harbour  areas  around  the  Great  Lakes  will  already  exceed  these  limits  as 
a  result  of  historical  contamination.  It  is  doubtful  whether  resources  are  sufficient  to 
permit  sediment  excavation  and  confined  disposal  in  all  these  areas.  It  may,  therefore, 
be  desirable  to  define  two  sets  of  criteria,  one  for  chronic  protection,  and  another  for 
acute  protection.  Acute  criteria  might  be  used  to  identify  priority  sites  for  remediation 
(i.e.,  "cleanup  criteria"). 

A  simple  procedure  for  defining  an  acute  protection  level  would  be  to: 

o       multiply   the  criterion   for  chronic  protection  by   10   to  provide  a  default 

value;  and 
o       override  the  default  with  any  lower  acute  effects  threshold  (i.e.,  the  lowest 

acute  AET  or  spiked  bioassay). 

Cleanup  criteria  could  then  be  defined  for  metals  as  follows: 

ug/g 

arsenic  170 

cadmium  25 

chromium  1,000 

copper  850 

iron  96,000 
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lead  200 

manganese  12,000 
mercury  6 

nickel  920 

zinc  920 

The  criterion  for  iron  is  based  on  a  survival  AET  which  was  derived  using  multiple  species 
data  (Table  3.10),  which  overrides  the  default  value  of  59%;  single  species  toxicity  data 
are  needed. 

For  organic  pesticides  and  PCBs,  cleanup  criteria  would  all  assume  their  default  values 
at  the  present  time.  Cleanup  criteria  should  not  be  used  to  preclude  remedial  options  at 
sites  with  sediment  concentrations  between  sediment  quality  guidelines  and  cleanup 
criteria,  but  rather  to  identify  sites  at  which  remediation  is  a  high  priority. 

A  strategy  for  application  of  sediment  quality  guidelines  and  cleanup  criteria  must  define 
the  actions  to  be  taken  when  guidelines  or  criteria  are  exceeded.  The  following  strategy 
is  recommended: 

o  if  sediment  quality  guidelines  (for  chronic  protection)  are  exceeded,  chronic 
toxicity  testing  of  sediments  would  be  undertaken  to  confirm  and  more 
clearly  define  the  possibility  and  extent  of  biological  impact; 

o  if  these  impacts  are  considered  unacceptable,  then  cleanup  in  the  impact 
zone  may  be  required;  and 

o  if  cleanup  criteria  (for  acute  protection)  are  exceeded,  cleanup  action  would 
be  required. 

This  strategy  would  concentrate  cleanup  activity  where  it  is  most  needed,  and  would  also 
serve  to  expand  the  chronic  toxicity  database  in  the  concentration  range  near  the  no- 
effect  levels  where  toxicity  test  data  are  most  needed. 

5.1  Data  Requirements 

The  process  of  guideline  selection  outlined  above  is  based  on  the  relative  merits  of  the 
different  approaches  to  guideline  development.     Their  relative  merits  depend  to  some 
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extent  on  the  qualtiy  of  the  database  utilized  in  each  approach.  In  designing  the 
guideline  selection  process,  we  have  assumed  that  suitable  data  are  available  for  each 
approach  utilized.  Minimum  data  requirments  for  each  approach  may  be  summarized  as 
follows: 

o  Background  -  at  least  20  observations  of  pre-industrial  contaminant 
concentrations  in  sediments  which  are  collectively  representative  of  the 
area  in  which  guidelines  will  be  applied. 

o  Partitioning  -  geometric  mean  of  at  least  three  log  K^^  values  (with  95% 
confidence  limits)  used  to  estimate  log  K^^^.  Measured  K^^  values  are 
preferred.  Values  calculated  from  fragment  analysis  or  aqueous  solubility 
may  be  included  if  necessary  to  obtain  the  three  values. 

o  AET  -  at  least  20  toxicity  tests  on  the  same  sensitive  species  with 
comparable  endpoints  and  controls,  and  with  contaminant  concentrations 
measured  in  sediments.  The  highest  concentration  must  be  effective  to 
permit  AET  calculation. 

o  SLC  -  at  least  ten  benthic  species,  and  ten  samples  of  each  from  the  area  in 
which  guidelines  will  be  applied,  with  chemical  contaminants  and  TOC 
measured  in  the  sediments. 

o  Spiked  Bioassay  -  spiked  bioassay  data  showing  a  significant  dose-response 
for  a  non-tolerant  benthic  organism  using  a  single  contaminant  measured  in 
bulk  sediments. 
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TABLE  5.1: 

FINAL  SELECTION  OF  PROPOSED  SEDIMENT  QUALITY  GUIDELINES 

COMPARED  TO  EXISTING  REGULATORY  GUIDELINES 

Existing  Guideline 

(ur/r) 

Proposed 

Guideline 

Method  of 

U.S.  EPA 
Region  V-^ 

Contaminant 

(ug/g) 

Derivation 

MOE^ 

wdnr'* 

Arsenic 

17 

SLC* 

8 

3 

10 

Cadmium 

2.5 

Background 

1 

_ 

1 

Chromium 

100 

Bioassay 

25 

25 

100 

Copper 

85 

Bioassay 

25 

25 

100 

Iron  (%) 

5.9 

Background 

1 

1.7 

_ 

Lead 

55 

Background 

50 

W 

50 

Manganese  (%) 

0.12 

Background 

- 

0.03 

_ 

Mercury 

0.6 

Background 

0.3 

1 

0.1 

Nickel 

92 

SLC 

25 

20 

100 

Zinc 

1^*3 

Background 

100 

90 

100 

Heptachlor 

0.008 

SLC 

- 

- 

0.05 

Endrin 

0.012 

SLC 

- 

- 

0.05 

Mirex 

0.028 

SLC 

_ 

- 

_ 

Aldrin 

0.008 

SLC 

_ 

_ 

0.01 

Chlordane 

0.03 

SLC 

_ 

_ 

0.01 

DDT  (total) 

0.02 

Partitioning 

- 

- 

- 

p,p-DDT 

0.036 

SLC 

- 

- 

- 

p,p-DDD 

0.032 

SLC 

- 

- 

- 

p,p-DDE 

0.02 

SLC 

_ 

_ 

_ 

p,p-DDT 

0.024 

SLC 

- 

- 

- 

PCBs 

0.16 

SLC* 

0.05 

10 

0.05 

PCB  125^1 

0.23 

SLC 

- 

_ 

- 

PCB  12^*8 

O.l'* 

SLC 

_ 

_ 

_ 

PCB  1016 

0.03 

SLC 

_ 

- 

_ 

Dieldrin 

0.076 

SLC 

_ 

_ 

0.01 

BHC 

0.013 

SLC 

_ 

_ 

_ 

5--BHC 

0.012 

SLC 

_ 

_ 

0.05 

/3-BHC 

0.02 

SLC 

_ 

- 

- 

a-BHC 

0.02i» 

SLC 

- 

_ 

- 

HCB 

0.08 

SLC 

_ 

_ 

- 

Heptachlor  Epo) 

cide        0.018 

SLC 

_ 

- 

- 

s-chlordane 

0.002 

SLC 

- 

- 

- 

Proposed  guidelines  based  on  SLC  and  partitioning  were  derived  in  ug/g  C  and  adjusted 

to  bulk  sediment  basis  assuming  an  average  ^%  total  organic  carbon.    *  indicates  SLC 

derivation  from  the  MOE  In-Place  Pollutants  database. 

Open  water  dredge  spoil  disposal  guidelines  (Persaud  and  Wilkins,  1976). 

Guidelines  for  the  poliutional  classification  of  Great  Lakes  harbour  sediments  (U.S. 

EPA,  1977). 

Wisconsin  Department  of  Natural  Resources  interim  criteria  and  guidance  criteria  for 

in-water  disposal  of  dredge  material  (Sullivan  et  ah,  1985). 


p 
« 
p 
p 
p 
p 
p 


6.0  LITERATURE  CITED 


Aqua-Tech  Environmental  Consultants  Inc.  1983-1986.  Reports  to  the  U.S.  COE,  Buffalo 
District  (see  Data  Sources  7 A). 

Battelle  Pacific  Northwest  Laboratories  (Battelle).  1988.  Interim  sediment  quality 
criteria  values  for  nonpolar  hydrophobic  organic  compounds.   Unpublished  MS. 

Beak  Consultants  Limited  (BEAK).  1980.  Sediment  Contamination  and  Bioassessment 
Procedures  for  the  Ecological  Evaluation  of  Sediment  Quality.  Report  to  Great 
Lakes  Biolimnology  Laboratory,  Department  of  Fisheries  and  Oceans. 

Beak  Consultants  Limited  (BEAK).  1987.  Development  of  Sediment  Quality  Objectives: 
Phase  1  -  Options.   Report  to  the  Ontario  Ministry  of  the  Environment. 

Beak  Consultants  Limited  and  OceanChem  Sciences  Ltd.  (BEAK/OCEANCHEM).  1986. 
Guidelines  for  Dredging  and  Dredged  Material  Disposal  in  Ontario.  Report  to  the 
MOE. 

Birge,  W.3.,  3.A.  Black,  A.G.  Westerman,  P.C.  Francis  and  3.E.  Hudson  1977. 
Embryopathic  Effects  of  Waterborne  and  Sediment-accumulated  Cadmium,  Mercury 
and  Zinc  on  Reproduction  and  Survival  of  Fish  and  Amphibian  Populations  in 
Kentucky.  Kentucky  University,  Water  Resources  Research  Institute,  Research 
Report  No.  100.  28  p. 

Bolton,  H.S.,  R.3.  Breteler,  B.W.  Vigon,  J.A.  Scanlon  and  S.L.  Clark.  1985.  National 
Perspective  on  Sediment  Quality.  Report  prepared  by  Battelle  Washington 
Environmental  Program  Office  to  the  U.S.  EPA. 

Brannon,  3.M.,  R.M.  Engler,  3.R.  Rose,  P.G.  Hunt  and  I.  Smith.  1976.  Distribution  of 
toxic  heavy  metals  in  marine  and  freshwater  sediments.  Proc.  Specialty  Conf.  on 
Dredging  and  Its  Environmental  Effects.  Eds.  P.A.  Krenkel,  3.  Harrison  and  3.C. 
Burdick  HI,  Mobile,  Alabama,  pp.  f  55-'f95. 

Brkovic-Popovic,  I.  and  M.  Popovic.  1977a.  Effects  of  heavy  metals  on  survival  and 
respiration  rate  of  tubificid  worms:  Part  1  -  effects  on  survival.  Environ.  Pollut. 
13:65-72. 

Cairns,  M.A.,  A.V.  Nebeker,  3.H.  Gakstatter  and  W.L.  Griffis.  198^*.  Toxicity  of  copper- 
spiked  sediments  to  freshwater  invertebrates.   Environ.  Toxicol.  Chem.  3:  ti35-'t't5. 

Craig,  G.R.  198^.  Bioassessment  of  Sediments:  Review  of  Previous  Methods  and 
Recommendations  for  Future  Test  Protocols.  BEAK  Report  for  Environment 
Canada,  EPA,  Ontario  Region. 

Dillon,  T.M.  198^*.  Biological  Consequences  of  Bioaccumulation  in  Aquatic  Animals:  An 
Assessment  of  the  Current  Literature.  U.S.  Army  COE  Waterways  Experiment 
Station,  Vicksburg,  Mississippi,  Tech.  Report  D-8't-2.   35  p. 

DiToro,  D.M.,  F.  Harrison,  E.  3enne,  S.  Karickhoff  and  W.  Lick.  1987.  Synopsis  of 
discussion  session.  2.  Environmental  fate  and  compartmentalization.  In:  Fate  and 
Effects  of  Sediment-Bound  Chemicals  in  Aquatic  Systems.  K.L.  Dickson,  A.W.  Maki 
and  W.A.  Brungs  (Eds.).    Pergamon  Press,  New  York. 

2'f37.1  6.1 


DiToro,  D.M.,  3.S.  3eris  and  D.  Clarcia.  19S5.  Diffusion  and  partitioning  of 
hexachlorobiphenyl  in  sediments.   Environ.  Sci.  Techinol.  19:  1169-1176. 

Dredging  Subcommittee.  1982.  Guidelines  and  Register  for  Evaluation  of  Great  Lakes 
Dredging  Projects.   Report  to  the  Great  Lakes  Water  Quality  Board.   365  p. 

Dredging  Subcommittee.  1983.  Evaluation  of  Dredged  Material  Disposal  Options  for 
Two  Great  Lakes  Harbours  Using  the  Water  Quality  Board  Dredging  Subcommittee 
Guidelines.   Report  to  the  Great  Lakes  Water  Quality  Board.   67  p. 

Dredging  Subcommittee.  1986.  Evaluation  of  Sediment  Bioassessment  Techniques. 
Report  to  the  Great  Lakes  Water  Quality  Board.    123  p. 

Fitchko,  3.  and  T.C.  Hutchinson.  1975.  A  comparatie  study  of  heavy  metal 
concentrations  in  river  mouth  sediments  around  the  Great  Lakes.  3,  Great  Lakes 
Res.  1:  't6-78. 

Francis,  P.C.,  W.J.  Birge  and  3.A.  Black.  198'».  Effects  of  cadmium-enriched  sediment 
on  fish  and  amphibian  embryo-larval  stages.   Ecotoxicol.  Environ.  Safety  8:  378-387. 

Frank,  R.,  R.L.  Thomas,  M.  Holdrinet,  A.L.W.  Kemp  and  H.E.  Braun.  1979a. 
Organochlorine  insecticides  and  PCB  in  surficial  sediments  (1968)  and  sediment 
cores  (1976)  from  Lake  Ontario.   3.  Great  Lakes  Res.  5:  18-27. 

Frank,  R.,  R.L.  Thomas,  M.  Holdrinet,  A.L.W.  Kemp,  H.E.  Braun  and  R.  Dawson.  1979b. 
Organochlorine  Insecticides  and  PCB  in  the  Sediments  of  Lake  Huron  (1969)  and 
Georgian  Bay  and  North  Channel  (1973).   CCIW  Manuscript.    13  p. 

Frye,  3.C.  and  N.F.  Shimp.  1973.  Major,  Minor  and  Trace  Elements  in  Sediments  of  Late 
Pleistocene  Lake  Saline  Compared  with  Those  in  Lake  Michigan  Sediments.  Illinois 
State  Geological  Survey  Environmental  Geology  Notes  Number  60.   1^  p. 

Gibbs,  R.3.   1973.   Mechanisms  of  trace  metal  transport  in  rivers.   Science  180:  71-73. 

Glooschenko,  W.A.,  W.M.3.  Strachan  and  R.C.3.  Sampson.  1976.  Distribution  of 
pesticides  and  polychlorinated  biphenyls  in  water,  sediments  and  seston  of  the  upper 
Great  Lakes  -  197^*.   Pest.  Monit.  3.  10:  61-67. 

Health  and  Welfare  (HW).    1987.   Food  and  Drug  Act  Regulations. 

Helmke,  P.A.  R.D.  Koons  and  I.K.  Iskandor.  1976.  An  Assessment  of  the  Environmental 
Effects  of  Dredged  Material  Disposal  in  Lake  Superior.  Volume  5.  Trace  Element 
Study:  Duluth-Superior  and  Keweenaw  Study  Areas.  University  of  Wisconsin- 
Madison,  Marine  Studies  Center.    I'fS  p. 

Hesse,  3.L.  and  E.D.  Evans.  1972.  Heavy  Metals  in  Surface  Waters,  Sediments  and  Fish 
in  Michigan.  Michigan  Department  of  Natural  Resources,  Bureau  of  Waste 
Management.   58  p. 

International  Joint  Commission  (I3C).  1978.  Great  Lakes  Water  Quality  Agreement  of 
1978.  Agreement  with  Annexes  and  Terms  of  Reference,  between  the  United  States 
of  America  and  Canada.   22  November  1978,  Ottawa. 


2^37.1  6.2 


International  Joint  Commission  (I3C).  1985.  1985  Report  on  Great  Lakes  Water 
Quality.   Great  Lakes  Water  Quality  Board.   212  p. 

International  Joint  Commission  (IJC).  1987.  Guidance  on  Char-acterLzation  of  Toxic 
Substances  Problems  in  Areas  of  Concern  in  the  Great  Lakes  Basin.  Report  of  the 
Surveillance  Work  Group  to  the  Great  Lakes  Water  Quality  Board.   Windsor,  Ontario. 

Jaagumagi,  R.    1987.   Great  Lakes  Benthic  Enumeration  Study  1985.   Report  to  the  MOE. 

Jones,  R.A.  and  G.F.  Lee.  1978.  Evaluation  of  the  Elutriate  Test  as  a  Method  of 
Predicting  Contaminant  Release  During  Open-water  Disposal  of  Dredged  Sediments 
and  Environmental  Impact  of  Open-water  Dredged  Material  Disposal.  Vol.  1: 
Discussion.  U.S.  Army  COE  Waterways  Experiment  Station,  Vicksburg,  Mississippi, 
Technical  Report  D-7i-it5.  217  p. 

Kadeg,  R.D.,  S.P.  Pavlou  and  A.S.  Duxbury.  1986.  Elaboration  of  Sediment 
Normalization  Theory  for  Nonpolar  Hydrophobic  Organic  Chemicals.  Report  by 
Envirosphere  Co.  to  Battelle  and  the  U.S.  EPA.  kii  p. 

Karickhoff,  S.W.,  D^.  Brown  and  T.A.  Scott.  1979.  Sorption  of  hydrophobic  poUuants  on 
natural  sediments.   Wat.  Res.  13:  2^*  1-2^*8. 

Keilty,  T.J.  1987.  Lethal  and  Sublethal  Responses  to  a  Sediment-bound  Toxicant  by  Two 
Oligochaetes  from  Lake  Michigan:  Stylodrilus  heringianus  and  Limnodrilus 
hoffmeisteri.   University  of  Michigan,  Ph.D.  Thesis.   332  p. 

Keilty,  T.J.,  D.S.  White  and  P.P.  Landrum.  1988.  Short-term  lethality  and  sediment 
avoidance  assays  with  endrin-contaminated  sediment  and  two  oligochaetes  from 
Lake  Michigan.   Arch.  Environ.  Contam.  Toxicol.  17:  95-101. 

Kemp,  A.L.W.  and  C.I.  Dell.  1976.  A  preliminary  comparison  of  the  composition  of 
bluffs  and  sediments  from  Lakes  Ontario  and  Erie.  Can.  J.  Earth  Sci.  13:  1070-1081. 

Kosalwat,  P.  and  A.W.  Knight.  1987a.  Acute  toxicity  of  aqueous  and  substrate-bound 
copper  to  the  midge,  Chironomus  decorus.  Arch.  Environ.  Contam.  Toxicol.  16:  275- 
282. 

Kosalwat,  P.  and  A.W.  Knight.  1987b.  Chronic  toxicity  of  copper  to  a  partial  life  cycle 
of  the  midge,  Chironomus  decorus.   Arch.  Environ.  Contam.  Toxicol.  16:  283-290. 

Krantzberg,  G.  and  P.M.  Stokes.  1983.  Report  on  the  Revision  of  MOE  Guidelines  for 
Open-Water  Dredge  Spoils  DisposaL   Report  to  the  MOE.  57  p. 

LeGore,  R.S.  and  D.M.  DesVoigne.  1973.  Absence  of  acute  effects  on  threespine 
sticklebacks  (Gasterosteus  aculeatus)  and  coho  salmon  (Oncorhynchus  kisutch) 
exposed  to  resuspended  harbor  sediment  contaminations.  J.  Fish.  Res.  Board  Can. 
30:  1240-12«*2. 

Lomas,  T.D.  and  D.  Persaud.  1987.  The  In-Place  Pollutants  Program.  A  Program 
Overview  -  Volume  1.    MOE  Report.   7  p. 

Mackay,  D.,  S.  Abernathy  and  L.S.  McCarty.  1987.  Quantitative  structure  activity 
relationships  for  aquatic  organisms.  Technology  Transfer  Conference  Proceedings 
Part  B.    Water  Quality  Research. 

2'*37.1  6.3 


Magnuson,  3.1.,  A.M.  Forbes  and  R.3.  Hall.  1976.  An  Assessnnent  of  the  Environmental 
Effects  of  Dredged  Material  Disposal  in  Lake  Superior.  Volunne  3,  Biological 
studies:  Duluth-Superior  and  Keweenaw  study  areas.  Final  Report.  University  of 
Wisconsin-Madison,  Marine  Studies  Center.    173  p. 

Malueg,  K.W.,  G.S.  Schuytema,  D.F.  Krawczyk  and  3.H.  Gakstatter.  1984a.  Laboratory 
sediment  toxicity  tests,  sediment  chemistry  and  distribution  of  benthic 
macroinvertebrates  in  sediments  from  the  Keweenaw  Waterway,  Michigan.  Environ. 
Toxicol.  Chem.  3:  233-242. 

Malueg,  K.W.,  G.S.  Schuytema,  3.H.  Gakstatter  and  D.F.  Krawczyk.  1984b.  Toxicity  of 
sediments  from  three  metal-contaminated  areas.  Environ.  Toxicol.  Chem.  3:  279- 
291. 

Mayer,  F.L.,  3r.,  K.S.  Mayer  and  M.R.  Ellersieck.  1986.  Relation  of  survival  to  other 
endpoints  in  chronic  toxicity  tests  with  fish.  Environ.  Toxicol.  Chem.  5:  737-748. 

McCarty,  L.,  M.  Lupp  and  M.  Shea.  1983.  Provincial  water  quality  objectives:  Criteria 
development  document  for  chlorinated  benzenes.  Report  to  the  Ontario  Ministry  of 
the  Environment  by  MacLaren  Plansearch  Inc. 

McFarland,  V.A.  1983.  Estimating  bioaccumulation  potential  of  chemicals  in  sediment. 
U.S.  Army  COE  Waterways  Experiment  Station,  Vicksburg,  Mississippi,  Information 
Exchange  Bull.  Vol.  D-83-4:  1-3,  11. 

McMurtry,  M.3.  1982.  Substrate  Selection  by  Tubificid  Oligochaetes.  University  of 
Toronto,  M.Sc.  Thesis.   1 15  p. 

McMurtry,  M.3.  1984.  Avoidance  of  sublethal  doses  of  copper  and  zinc  by  tubificid 
oligochaetes.   3.  Great  Lakes  Res.  10:  267-272. 

Mudroch,  A.,  L.  Sarazin  and  T.  Lomas.  1988.  Summary  of  surface  and  background 
concentrations  of  selected  elements  in  the  Great  Lakes  sediments.  3.  Great  Lakes 
Res.  14:241-251. 

Mudroch,  A.,  L.  Sarazin,  T.  Lomas,  A.  Leaney-East  and  C.  deBarros.  1985.  Report  on 
the  Progress  of  the  Revision  of  the  MOE  Guidelines  for  Dredged  Material  Open 
Water  Disposal,  1984/85.  Environment  Canada,  National  Water  Research  Institute 
Contribution  No.  85-80.    15  p. 

Mudroch,  A.,  L.  Sarazin,  T.  Lomas,  A.  Leaney-East  and  C.  deBarros.  1986.  Report  on 
the  Progress  of  the  Revision  of  the  MOE  Guidelines  for  Dredged  Material  Open 
Water  Disposal,  1984/85.  Environment  Canada,  Inland  Waters  Directorate, 
Environmental  Contaminants  Division,  Draft  Report.    15  p. 

Munawar,  M.,  R.L.  Thomas,  H.  Shear,  P.  McKee  and  A.  Mudroch.  1984.  An  Overview  of 
Sediment-associated  Contaminants  and  Their  Bioassessment.  Can.  Tech.  Rep.  Fish. 
Aquat.  Sci.  No.  1253.    136  p. 

Nebeker,  A.V.,  S.T.  Onjukka,  M.A.  Cairns  and  D.F.  Krawczyk.  1986.  Survival  of  Daphnla 
magna  and  Hyalella  azteca  in  cadmium-spiked  water  and  sediment.  Environ. 
Toxicol.  Chem.  5:  933-938. 


2437.1  6.4 


Neff,  3.M.,  DJ.  Bean,  B.W.  Cornaby,  R.M.  Vaga,  T.C.  Gulbransen  and  3.A.  Scanlon. 
19S6.  Sediment  Quality  Criteria  Methodology  Validation:  Calculation  of  Screening 
Level  Concentrations  from  Field  Data.  Report  by  Battelle  Washington 
Environmental  Program  Office  to  the  U.S.  EPA.   60  p. 

Neff,  3.W.,  R.S.  Foster  and  2.F.  Slowey.  1978.  Availability  of  Sediment-adsorbed  Heavy 
Metals  to  Benthos  with  Particular  Emphasis  on  Deposit-feeding  Infauna.  U.S.  Army 
COE  Waterways  Experiment  Station,  Vicksburg,  Mississippi,  Technical  Report  D-78- 
^2.   286  p. 

Ontario  Ministry  of  Agriculture  and  Food  (OMAF)  and  Ontario  Ministry  of  the 
Environment  (MOE).  1981.  Guidelines  for  Sewage  Sludge  Utilization  on  Agricultural 
Lands. 

Ontario  Ministry  of  the  Environment  (MOE).  198'f.  Water  Management  Goals,  Policies, 
Objectives  and  Implementation  Procedures  of  the  Ontario  Ministry  of  the 
Environment.   Revised  May  198'f. 

Ontario  Ministry  of  the  Environment  (MOE).  1985.  Regulation  309  under  the 
Environmental  Protection  Act. 

Ontario  Ministry  of  the  Environment  (MOE).  1986.  Derivation  and  Significance  of  MOE 
Upper  Limits  of  Normal  Contaminant  Guidelines.  Air  Resources  Branch, 
Phytotoxicology  Section. 

Ontario  Ministry  of  the  Environment  (MOE).  1988.  Summary  statistics  for  eroding  soils 
from  Lakes  Ontario  and  Erie  for  1985  and  1972-73  (PLUARG).   Unpublished  Data. 

Ontario  Ministry  of  the  Environment  (MOE).  1988.  Guidelines  for  the  Management  of 
Dredged  Material  In  Ontario  (Draft). 

Ontario  Ministry  of  the  Environment  (MOE)  and  Ontario  Ministry  of  Natural  Resources 
(MNR).   1988.   Guide  to  Eating  Ontario  Sport  Fish. 

Pavlou,  S.P.  and  D.P.  Weston.  198't.  Intlal  Evaluation  of  Alternatives  for  Development 
of  Sediment  Related  Criteria  for  Toxic  Contaminants  In  Marine  Waters  (Puget 
Sound).  Phase  11:  Development  and  Testing  of  the  Sediment-water  Equilibrium 
Partitioning  Approach.   Report  prepared  by  JRB  Associates  for  the  U.S.  EPA.   89  p. 

Peddicord,  R.K.,  C.R.  Lee,  M.R.  Palermo  and  N.R.  Francingues,  3r.  1986.  General 
Decision-making  Framework  for  Management  of  Dredged  Material  -  Example 
Application  to  Commencement  Bay,  Washington.  U.S.  Army  COE  Waterways 
Experiment  Station,  Vicksburg,  Mississippi,  Miscellaneous  Paper  D-86-....  (Interim 
Draft  Report). 

Persaud,  D.  and  T.D.  Lomas.  1987.  In-Place  Pollutants  Program  -  Volume  II. 
Background  and  Theoretical  Concepts.   MOE  Report.   3^*  p. 

Persaud,  D.,  T.  Lomas  and  A.  Hayton.  1987.  The  In-Place  Pollutants  Program  Volume 
in.    MOE  Draft  Report. 


2^37.1  6.5 


Persaud,  D.  and  W.D.  Wilkins.  1976.  Evaluating  Construction  Activities  Impacting  on 
Water  Resources.   MOE  Report. 

Pionke,  H.B.  and  G.  Chesters.  1973.  Pesticide-sediment-water  interactions.  J.  Environ. 
Qual.  2:  29-^3. 

PTl  Environmental  Services  (PTl).  1988.  Sediment  quality  values  refinement:  tasks  3 
and  5  -  1988  update  and  evaluation  of  Puget  Sound  AET.  Draft  report  to  U.S.  EPA, 
Region  10,  Seattle,  WA  (EPA  Contract  68-02-^3'*  1  to  Tetra  Tech  Inc.,  PTl  Contract 
C717-01). 

Revin,  D.  1987.  Personal  communication.  U.S.  Army  COE,  North-Central  Division 
Office,  Chicago,  Illinois. 

Rosenberger,  D.R.,  E.  Long,  R.  Bogardus,  E.  Farbenbloom,  R.  Hitch  and  S.  Hitch.  1978. 
Considerations  in  Conducting  Bioassays.  U.S.  Army  COE  Waterways  Experiment 
Station,  Vicksburg,  Mississippi,  Technical  Report  D-78-23.    127  p. 

Salamon,  K.J.  198'f.  Long-term  Impact  of  Dredged  Material  Disposal  in  Lake  Erie  off 
Ashtabula,  Ohio.  U.S.  Army  COE  Waterways  Experiment  Station,  Vicksburg, 
Mississippi,  Technical  Report  D-8^-3. 

Saucier,  R.T.,  C.C.  Calhoun,  Jr.,  R.M.  Engler,  T.R.  Patin  and  H.K.  Smith.  1978. 
Executive  Overview  and  Detailed  Summary.  U.S.  Army  COE  Waterways  Experiment 
Station,  Vicksburg,  Mississippi,  Technical  Report  DS-78-22.   227  p. 

Shuba,  P.3.,  H.E.  Tatem  and  3.H.  Carroll.  1978.  Biological  Assessment  Methods  to 
Predict  the  Impact  of  Open-water  Disposal  of  Dredged  Material.  U.S.  Army  COE, 
Waterway  Experiment  Station,  Vicksburg,  Mississippi,  Contract  Report  D-78-50. 
77  p. 

Sullivan,  3.,  3.  Ball,  E.  Brick,  S.  Hausmann,  G.  Pilarski  and  D.  Sopcich.  1985.  Report  of 
the  Technical  Subcommittee  on  Determination  of  Dredge  Material  Suitability  for  In- 
water  Disposal.   Wisconsin  Department  of  Natural  Resources  Report.  ^'^  p. 

Sweeney,  R.A.  1978.  Aquatic  Disposal  Field  Investigations  Ashtabula  River  Disposal 
Site,  Ohio;  Evaduative  Summary.  U.S.  Army  COE  Waterways  Experiment  Station, 
Vicksburg,  Mississippi,  Technical  Report  D-77-^2.    1 1 1  p. 

Tetra  Tech,  Inc.  1986.  Development  of  Sediment  Quality  Values  for  Puget  Sound. 
Volume  1.   Puget  Sound  Dredged  Disposal  Analysis  Report.    129  p. 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1977.  Guidelines  for  the 
Pollutional  Classification  of  Great  Lakes  Harbor  Sediments.  Region  V,  Chicago, 
Illinois. 

U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1979.  Water-related  environmental 
fate  of  129  priority  pollutants.   Prepared  by  Versar,  Inc.,  2  volumes. 

U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1980a.  Ambient  Water  Quality 
Criteria  for  Aldrin/Dieldrin.   EPA  't^O/5-80-019. 

2^*37.1  6.6 


U.S.  Environmental  Protection  Agency  (U.S.  EPA).  19S0b.  Ambient  Water  Quality 
Criteria  for  Chlordane.   EPA  't'tO/5-80-027. 

U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1980c.  Ambient  Water  Quality 
Criteria  for  DDT.   EPA  itit0/5-i0-03&. 

U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1980d.  Ambient  Water  Quality 
Criteria  for  Endrin.   EPA  'f^O/5-80-0^7. 

U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1980e.  Ambient  Water  Quality 
Criteria  for  Heptachlor.   EPA  ^'fO/5-80-052. 

U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1980f.  Ambient  Water  Quality 
Criteria  for  Polychlorinated  Biphenyb.  EPA  4'tO/5-80-068. 

U.S.  Environmental  Protection  Agency/U.S.  Army  Corps  of  Engineers  (U.S.  EPA/U.S. 
COE).  1977.  Ecological  Evaluation  of  Proposed  Discharge  of  Dredged  Material  into 
Ocean  Waters.  Implementation  Manual  for  Section  103  of  Public  Law  92-532 
(Marine  Protection,  Research  and  Sanctuaries  Act  of  1972).   19  p. 

Walters,  L.3.,  3r.  and  7.3.  Wolery.  197'f.  Transfer  of  Heavy  Metal  Pollutants  from  Lake 
Erie  Bottom  Sediments  to  the  Overlying  Water.  Ohio  State  University,  Water 
Resources  Center.  84  p. 

Wentsel,  R.,  A.  Mcintosh  and  G.  Atchison.  1977a.  Sublethal  effects  of  heavy  metal 
contaminated  sediment  on  midge  larvae  (Chironomus  ten  tans).  Hydrobiologia  56: 
153-156. 

Wentsel,  R.,  A.  Mcintosh,  W.P.  McCafferty,  G.  Atchison  and  V.  Anderson.  1977b. 
Avoidance  response  of  midge  larvae  (Chironomus  tentans)  to  sediments  containing 
heavy  metals.   Hydrobiologia  55:  171-175. 

White,  D.S.  198'f.  Redistribution  of  sediment-bound  toxic  organics  by  benthic 
invertebrates,  p.  76-78.  In:  The  Cycling  of  Toxic  Organic  Substances  in  the  Great 
Lakes  Ecosystem.  Cooperative  Program  GLERL,  Univ.  Mich.,  Univ.  Minn.,  Mich. 
State  Univ.,  Argonne  Nat.  Lab  and  Oak  Ridge  Nat.  Lab.   Annual  Report  to  NOAA. 


2^*37.1 


6.7 


7.0  DATA  SOURCES 

7.1  Background 

Beak  Consultants  Limited  (BEAK).  1988.  Lake  Sediment  Studies  Thunder  Bay-Lake 
Superior.  Northern  Wood  Preservers  Sediment  Sampling  Program,  1988.  Draft 
Report  to  the  MOE. 

Boyd,  D.  1988.  Summary  statistics  for  eroding  soils  from  Lakes  Ontario  and  Erie  for 
1985  and  1972-73  (PLUARG).   Unpublished  Data. 

Fitchko,  J.  197'f.  Heavy  metal  concentrations  in  river  mouth  sediments  of  the  Great 
Lakes.   Unpublished  Data. 

Frank,  R.,  A.E.  Armstrong,  R.G.  Boelens,  H.E.  Braun  and  C.W.  Douglas.  197'*. 
Organochlorine  insecticide  residues  in  sediment  and  fish  tissues,  Ontario,  Canada. 
Pest.  Monit.  3.  7:  165-180. 

Frank,  R.,  M.  Holdrinet,  H.E.  Braun,  R.L.  Thomas,  A.L.W.  Kemp  and  J.-M.  Jaquet. 
1977.  Organochlorine  insecticides  and  PCB's  in  sediments  of  Lake  St.  Clair  (1970 
and  197^)  and  Uke  Erie  (1971).  Sci.  Total  Environ.  8:  205-227. 

Frank,  R.,  R.L.  Thomas,  M.  Holdrinet,  A.L.W.  Kemp  and  H.E.  Braun.  1979a. 
Organochlorine  insecticides  and  PCB  in  surficial  sediments  (1968)  and  sediment 
cores  (1976)  from  Lake  Ontario.   3.  Great  Lakes  Res.  5:  18-27. 

Frank,  R.,  R.L.  Thomas,  M.  Holdrinet,  A.L.W.  Kemp,  H.E.  Braun  and  R.  Dawson.  1979b. 
Organochlorine  Insecticides  and  PCB  in  the  Sediments  of  Lake  Huron  (1969)  and 
Georgian  Bay  and  North  Channel  (1973).   CCIW  Manuscript.    13  p. 

Frank,  R.,  R.L.  Thomas,  M.V.  Holdrinet  and  V.  Damiani.  1980.  PCB  residues  in  bottom 
sediments  collected  from  the  Bay  of  Quinte,  Lake  Ontario  1972-73.  3.  Great  Lakes 
Res.  16:  371-376. 

Glooschenko,  W.A.,  W.M.3.  Strachan  and  R.C.3.  Sampson.  1976.  Distribution  of 
pesticides  and  polychlorinated  biphenyls  in  water,  sediments  and  seston  of  the  upper 
Great  Lakes  -  I97ti.  Pest.  Monit.  3.  10:  61-67. 

Helmke,  P.A.,  R.D.  Koons  and  I.K.  Iskandor.  1976.  An  Assessment  of  the  Environmental 
Effects  of  Dredged  Material  Disposal  in  Lake  Superior.  Volume  5.  Trace  Element 
Study:  Duluth-Superior  and  Keweenaw  Study  Areas.  University  of  Wisconsin- 
Madison,  Marine  Studies  Center.    I'f8  p. 

Kemp,  A.L.W.  and  C.I.  Dell.  1976.  A  preliminary  comparison  of  the  composition  of 
bluffs  and  sediments  from  Lakes  Ontario  and  Erie.   Can.  3.  Earth  Sci.  13:  1070-1081. 

Kemp,  A.L.W.  and  R.L.  Thomas.  1976.  Impact  of  man's  activities  on  the  chemical 
composition  in  the  sediments  of  Lakes  Ontario,  Erie  and  Huron.  Water,  Air,  Soil 
Pollut.  5:  if69-if90. 


2^*37.1  7.1 


Kennedy,  E.3.,  R.R.  Ruch  and  N.F.  Shimp.  1971,  Distribution  of  Mercury  in 
Unconsolidated  Sediments  from  Southern  Lake  Michigan.  Illinois  State  Geological 
Survey  Environmental  Geology  Notes  Number  '*'*.    18  p. 

Mothersill,  J^.  and  P.C.  Fung.  1972.  The  stratigraphy,  mineralogy,  and  trace  element 
concentrations  of  the  Quaternary  sediments  of  the  northern  Lake  Superior  basin. 
Can.  3.  Earth  Sci.  9:  1735-1755. 

Mudroch,  A.  and  3.A.  Capobianco.  1980.  Impact  of  past  mining  activities  on  aquatic 
sediments  in  Moira  River  Basin,  Ontario.   3.  Great  Lakes  Res.  6:  121-128. 

Mudroch,  A.,  L.  Sarazin  and  T.  Lomas.  1988.  Summary  of  surface  and  background 
concentrations  of  selected  elements  in  the  Great  Lakes  sediments.  3.  Great  Lakes 
Res.  1^:2^*1-251. 

Nriagu,  l.O.y  A.L.W.  Kemp,  H.K.T.  Wong  and  N.  Harper.  1979.  Sedimentary  record  of 
heavy  metal  pollution  in  Lcike  Erie.   Geochim.  Cosmochim.  Acta  ^^3:  2k7-25%. 

Nriagu,  3.O.,  H.K.T.  Wong  and  W.3.  Snodgrass.  1983.  Historical  records  of  metal 
pollution  in  sediments  of  Toronto  and  Hamilton  Harbours.  3.  Great  Lakes  Res.  9: 
365-373. 

Ontario  Ministry  of  the  Environment  (MOE).    1978.   Hamilton  Harbour  Study  1976. 

Plumb,  R.H.,  3r.  and  R.A.  Sweeney.  1980.  Sediment  Heavy  Metal  Variability  and  Mixing 
in  Lake  Erie.  State  University  College  at  Buffalo,  Great  Lakes  Laboratory  Special 
Report  U2\.   32  p. 

Robbins,  3.A.  1980.  Sediments  of  Southern  Lake  Huron:  Elemented  Composition  and 
Accumulation  Rates.   U.S.  EPA,  EPA-600/3-80-080.   310  p. 

Robbins,  3. A.  1981.  Sediments  of  Saginaw  Bay,  Lake  Huron:  Elemental  Composition  and 
Accumulation  Rates.  Great  Lakes  Environmental  Research  Laboratory  Report  to 
the  U^.  EPA.    107  p. 

Ruch,  R.R.,  E.3.  Kennedy  and  N.F.  Shimp.  1970.  Distribution  of  Arsenic  in 
Unconsolidated  Sediments  from  Southern  Lake  Michigan.  Illinois  State  Geological 
Survey  Environmental  Geology  Notes  Number  37.    16  p. 

Shimp,  N.F.,  3.A.  Schleicher,  R.R.  Ruch,  D.B.  Heck  and  H.V.  Leland.  1971.  Trace 
Element  and  Orgamic  Carbon  Accumulation  in  the  Most  Recent  Sediments  of 
Southern  Lake  Michigan.  Illinois  State  Geological  Survey  Environmental  Geology 
Notes  Number  '♦1.   25  p. 

Walters,  L.3.,  3r.  and  T.3.  Wolery.  197^*.  Transfer  of  Heavy  Metal  Pollutants  from  Lake 
Erie  Bottom  Sediments  to  the  Overlying  Water.  Ohio  State  University,  Water 
Resources  Center.   S'f  p. 

Walters,  L.3.,  3r.,  T.3.  Wolery  and  R.D.  Myser.  197'*.  Occurrence  of  As,  Cd,  Co,  Cr,  Cu, 
Fe,  Hg,  Ni,  Sb,  and  Zn  in  Lake  Erie  sediments.  Proc.  17th  Conf.  Great  Lakes  Res., 
pp.  219-23^*. 


2't37.I  7.2 


12          Equilibriuni  Partitioning 


Battelle  Pacific  Northwest  Laboratories  (Batteiie).  1988.  Interim  sediment  quality 
criteria  values  for  nonpolar  hydrophobic  organic  compounds.   Unpublished  MS. 

Health  and  Welfare  (HW).    1987.   Food  and  Drug  Act  Regulations. 

Kadeg,  R.D.,  S.P.  Pavlou  and  A.S.  Duxburg.  1986.  Sediment  criteria  methodology 
validation  work  assignment  37,  Task  11:  Elaboration  of  sediment  normalization 
theory  for  nonpolar  hydrophobic  organic  chemicals.  Prepared  for  Battelle  Pacific 
Northwest  Laboratories  and  the  U.S.  EPA. 


McCarty,  L,,  M.  Lupp  and  M.  Shea.  1983.  Provincial  water  quality  objectives:  Criteria 
development  document  for  chlorinated  benzenes.  Report  to  the  Ontario  Ministry  of 
the  Environment  by  MacLaren  Plansearch  Inc. 

Ontario  Ministry  of  the  Environment  (MOE).  198^.  Water  Management  Goals,  Policies, 
Objectives  and  Implementation  Procedures  of  the  Ontario  Ministry  of  the 
Environment.   Revised  May  198'f. 

Ontario  Ministry  of  the  Environment  (MOE)  and  Ontario  Ministry  of  Natural  Resources 
(MNR).   1988.  Guide  to  Eating  Ontario  Sport  Fish. 

U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1979.  Water-related  environmental 
fate  of  129  priority  pollutants.  Prepared  by  Versar,  Inc.,  2  volumes. 


U.5.   Environmental   Protection   Agency  (U.S.  EPA). 
Criteria  for  Aldrin/Dieldrin.   EPA  ^f ^0/5-80-0 19. 

U.S.   Environmental   Protection   Agency  (U.S.  EPA). 
Criteria  for  Chlordane.  EPA  4'*0/5-80-027. 

U.S.   Environmental   Protection   Agency  (U.S.  EPA). 
Criteria  for  DDT.   EPA  f^f 0/5-80-0 38. 


1980a.  Ambient  Water  Quality 
1980b.  Ambient  Water  Quality 
1980c.     Ambient  Water  Quality 


U.S.   Environmental   Protection   Agency  (U.S.  EPA). 
Criteria  for  Endrin.   EPA  '*^0/5-80-0't7. 

U.S.   Environmental   Protection   Agency  (U.S.  EPA). 
Criteria  for  Heptachior.  EPA  'f'tO/5-80-052. 


1980d.     Ambient  Water  Quality 
1980e.     Ambient  Water  Quality 


U.S.  Environmental  Protection  Agency  (U.S.  EPA).  1980f.  Ambient  Water  Quality 
Criteria  for  Polychlorinated  Biphenyls.   EPA  'tW/5-80-068. 

U.S.  Environmental  Protection  Agency/U.S.  Army  Corps  of  Engineers  (U.S.  EPA/U.S. 
COE).  1977.  Ecological  Evaluation  of  Proposed  Discharge  of  Dredged  Material  into 
Ocean  Waters.  Implementation  Manual  for  Section  103  of  Public  Law  92-532 
(Marine  Protection,  Research  and  Sanctuaries  Act  of  1972).    19  p. 


2^37.1 


7.3 


7.3  Apparent  Effects  Threshold 

Aqua  Tech  Environmental  Consultants,  Inc.  (ATEC).  1983.  Analysis  of  Sediment  from 
Toledo  Harbor-Maumee  River,  Toledo,  Ohio.  Report  to  the  U.S.  Army  COE,  Buffalo 
District.   71  p.   (118) 

Aqua  Tech  Environmental  Consultants,  Inc.  (ATEC).  198^a.  Analysis  of  Sediment  from 
Ashtabula  Harbor,  Ashtabula,  Ohio.  Report  to  the  U.S.  Army  COE,  Buffalo 
District.   66  p.   C76) 

Aqua  Tech  Environmental  Consultants,  Inc.  (ATEC).  1985a.  The  Analyses  of  Sediments 
from  Rochester  Harbor,  Rochester,  New  York.  Report  to  the  U.S.  Army  COE, 
Buffalo  District.   66  p.   (108) 

Aqua  Tech  Environmental  Consultants,  Inc.  (ATEC).  1985b.  Analysis  of  Sediment  from 
Sandusky  Harbor,  Sandusky,  Ohio.  Report  to  the  U.S.  Army  COE,  Buffalo  District. 
87  p.   (107) 

Aqua  Tech  Environmental  Consultants,  Inc.  (ATEC).  1985c.  The  Analyses  of  Sediments 
from  Conneaut  Harbor,  Conneaut,  Ohio.  Report  to  the  U^S.  Army  COE,  Buffalo 
District.   86  p.  (78) 

Aqua  Tech  Environmental  Consultants,  Inc.  (ATEC).  1986a.  Analysis  of  Sediments  from 
Dunkirk  Harbor,  New  York.  Report  to  the  U.S.  Army  COE,  Buffalo  District.  79  p. 
(IC*) 

Aqua  Tech  Environmental  Consultants,  Inc.  (ATEC).  1986b.  The  Analyses  of  Sediments 
from  Erie  Harbor,  Erie,  PA.  Report  to  the  U.S.  Army  COE,  Buffalo  District.  73  p. 
(105) 

Bahnick,  D.A.,  W.A.  Swenson,  T.P.  Markee,  D.3.  Call,  C.A.  Anderson  and  R.T.  Morris. 
1981.  Development  of  Bioassay  Procedures  for  Defining  Pollution  of  Harbor 
Sediments.  University  of  Wisconsin-Superior,  Center  for  Lake  Superior 
Environmental  Studies,  Final  Report.    189  p.  (87) 

Birge,  W.3.,  3.A.  Black,  A.G.  Westerman,  P.C.  Francis  and  3.E.  Hudson.  1977. 
Embryopathic  Effects  of  Waterborne  and  Sediment-accumulated  Cadmium,  Mercury 
and  Zinc  on  Reproduction  and  Survival  of  Fish  and  Amphibian  Populations  in 
Kentucky.  Kentucky  University,  Water  Resources  Research  Institute,  Research 
Report  No.  100.  28  p.  (88) 

Cairns,  M.A.,  A.V.  Nebeker,  J.H.  Gakstatter  and  W.L.  Griffis.  198'f.  Toxicity  of  copper- 
spiked  sediments  to  freshwater  invertebrates.  Environ.  Toxicol.  Chem.  3:  ^35-^^5. 
(62) 

Chapman,  G.,  M.  Cairns,  D.  Krawczyk,  K.  Malueg,  A.  Nebeker  and  G.  Schuytema.  1986. 
Report  on  the  toxicity  and  chemistry  of  sediments  from  Toronto  and  Toledo  Harbors, 
pp.  91-118.  In:  Evaluation  of  Sediment  Bioassessment  Techniques.  Report  of  the 
Dredging  Subcommittee  to  the  Great  Lakes  Water  Quality  Board.   (84) 

Cherry,  D.S.  and  R.K.  Guthrie.  1977.  Toxic  metals  in  surface  waters  from  coal  ash. 
Water  Resources  Bull.  13:  1227-1236.   (81) 


2^37.1  7A 


Delisle,  C.E.,  B.  Hummel  and  K.C.  Wheeland.  1975.  Uptake  of  heavy  metals  from 
sediment  by  fish.  Internat.  Conf.  Heavy  Metals  in  the  Environment.  Symp.  Proc. 
Vol.  II  Pt  2,  Toronto,  Ontario,  pp.  821-827.   (91) 

EG&:G  Bionomics.  1983.  An  Assessment  of  the  Chemical  and  Toxicological  Properties  of 
Dredged  Sediments  Collected  from  Cleveland  Harbor,  Ohio.  Report  to  the  U.S. 
Army  COE,  Buffalo  District.   20  p.  (102) 

Francis,  P.C.,  W.3.  Birge  and  3.A.  Black.  198^.  Effects  of  cadmium-enriched  sediment 
on  fish  and  amphibian  embryo-larval  stages.  Ecotoxicol.  Environ.  Safety  8:  378- 
387.  (86) 

Greichus,  Y.A.,  A.  Greichus,  H.A.  Draayer  and  B.  Marshall.  1978.  Insecticides, 
polychlorinated  biphenyls  and  metals  in  African  lake  ecosystems.  11.  Lake 
Mcllwaine,  Rhodesia.  Bull.  Environ.  Con  tarn.  Toxicol.  19:  ltl^l^-l^53.  (80) 

Haile,  C.L.,  G.D.  Veith,  G.F.  Lee  and  W.C.  Boyle.  1975.  Chlorinated  Hydrocarbons  in 
the  Uke  Ontario  Ecosystem  (IFYGL).   U.S.  EPA,  EPA-660/3-75-022.  28  p.  (75) 

Hartung,  R.  197^.  Heavy  metals  in  the  lower  Mississippi.  Proc.  Internat.  Conf. 
Transport  of  Persistent  Chemicals  in  Aquatic  Ecosystems.  NRCC,  Ottawa, 
Ontario,  pp.  1-93-98.  O^ 

Hedtke,  S.F.  198^.  Structure  and  function  of  copper-stressed  aquatic  microcosms. 
Aquat.  Toxicol.  5:  227-2^^.  (93) 

JBF  Scientific  Corporation  (3BF).  1978.  In-place  Pollutants  in  Trail  Creek  and  Michigan 
City  Harbor,  Indiana.   U.S.  EPA,  EPA-^ifO/5-70-012.  86  p.   (110) 

Kosalwat,  P.  and  A.W.  Knight.  1987a.  Acute  toxicity  of  aqueous  and  substrate-bound 
copper  to  the  midge,  Chironomus  decorus.  Arch.  Environ.  Contam.  Toxicol.  16:  275- 
282.  (61) 

Kosalwat,  P.  and  A.W.  Knight.  1987b.  Chronic  toxicity  of  copper  to  a  partial  life  cycle 
of  the  midge,  Chironomus  decorus.  Arch.  Environ.  Contam.  Toxicol.  16:  283-290. 
(59) 

Kraft,  K.3.  1979.  Pontoporeia  distribution  along  the  Keweenaw  shore  of  Lake  Superior 
affected  by  copper  tailings.   3.  Great  Lakes  Res.  5:  28-35.  (7*) 

LeGore,  R.S.  and  D.M.  DesVoigne.  1973.  Absence  of  acute  effects  on  threespine 
sticklebacks  (Gasterosteus  aculeatus)  and  coho  salmon  (Oncorhynchus  kisutch) 
exposed  to  resuspended  harbor  sediment  contaminations.  3.  Fish.  Res.  Board  Can. 
30:  12^0-12^2.   (57) 

Leland,  H.V.  and  3.M.  McNurney.  197'*.  Lead  transport  in  a  river  ecosystem.  Proc. 
Internat.  Conf.  Transport  of  Persistent  Chemicals  in  Aquatic  Ecosystems.  NRCC, 
Ottawa,  Ontario,   pp.  III-17-23.  (5*) 

Mac,  M.3.,  C.C.  Edsall,  R.3.  Hesselberg  and  R.E.  Sayers,  3r.  198^*.  Flow-through 
Bioassay  for  Measuring  Bioaccumulation  of  Toxic  Substances  from  Sediment.  U.S. 
EPA,  EPA-905/3-8'f-007.   (17'*) 


2^*37.1  7.5 


Magnuson,  3.2.,  A.M.  Forbes  and  R.3.  Hall.  1976.  An  Assessment  of  the  Environmental 
Effects  of  Dredged  Material  Disposal  in  Lake  Superior.  Volume  3,  Biological 
studies:  Duluth-Superior  and  Keweenaw  study  areas.  Final  Report.  University  of 
Wisconsin-Madison,  Marine  Studies  Center.    173  p.  (X3) 

Malueg,  K.W.,  G.S.  Schuytema,  D.F.  Krawczyk  and  J.H.  Gakstatter.  198'*a.  Laboratory 
sediment  toxicity  tests,  sediment  chemistry  and  distribution  of  benthic 
macroinvertebrates  in  sediments  from  the  Keweenaw  Waterway,  Michigan.  Environ. 
Toxicol.  Chem.  3:  233-2^2.  (125) 

Malueg,  K.W.,  G^.  Schuytema,  3.H.  Gakstatter  and  D.F.  Krawczyk.  198^b.  Toxicity  of 
sediments  from  three  metal-contaminated  areas.  Environ.  Toxicol.  Chem.  3:  279- 
291.  (123) 

Marking,  L.L.,  T.D.  Bills,  V.K.  Dawson  and  3.L.  Allen.  1980a.  A  Summary  Report. 
Biological  Activity  and  Chemistry  of  Dredge  Spoil  Material  from  Warroad, 
Minnesota.  U.S.  Fish  and  Wildlife  Service,  National  Fisheries  Research  Laboratory, 
LaCrosse,  Wisconsin,  Report  to  the  U.S.  Army  COE,  St.  Paul  District.    19  p.  (127) 

Marking,  L.L.,  V.K.  Dawson,  3.L.  Allen,  T.D.  Bills  and  3.3.  Rach.  1981.  Biological 
Activity  and  Chemical  Characteristics  of  Dredge  Material  from  10  Sites  on  the 
Upper  Mississippi  River.  U.S.  Fish  and  Wildlife  Service,  National  Fisheries  Research 
Laboratory,  LaGrosse,  Wisconsin.    1^6  p.   (120) 

McMurtry,  M.J.  1982.  Substrate  Selection  by  Tubificid  Oligochaetes.  University  of 
Toronto,  M.Sc.  Thesis.    115  p.   (85) 

McMurtry,  M.3.  1984.  Avoidance  of  sublethal  doses  of  copper  and  zinc  by  tubificid 
oligochaetes.   3.  Great  Lakes  Res.  10:  267-272.   (100) 

Moore,  J.W.,  V.A.  Beaubien  and  D.3.  Sutherland.  1979.  Comparative  effects  of  sediment 
and  water  contamination  on  benthic  invertebrates  in  four  lakes.  Bull.  Environ. 
Contam.  Toxicol.  23:  840-847.   (95) 

Nebeker,  A.V.,  S.T.  Onjukka,  M.A.  Cairns  and  D.F.  Krawczyk.  1986.  Survival  of  Daphnia 
magna  and  Hyalella  azteca  in  cadmium-spiked  water  and  sediment.  Environ. 
Toxicol.  Chem.  5:  933-938.  (67) 

Niagara  River  Toxics  Committee.  1984.  Report.  U.S.  EPA,  MOE,  Env.  Can.,  N.Y.S. 
DEC.   (53) 

Occhiogrosso,  T.3.,  W.T.  Waller  and  G.3.  Lauer.  1979.  Effects  of  heavy  metals  on 
benthic  macroinvertebrate  densities  in  Foundry  Cove  on  the  Hudson  River.  Bull. 
Environ.  Contam.  Toxicol.  22:  230-237.  (99) 

Peddicord,  R.,  H.  Tatem,  A.  Gibson  and  S.  Pedron.  1980.  Biological  Assessment  of 
Upper  Mississippi  River  Sediments.  U.S.  Army  COE  Waterways  Experiment  Station, 
Vicksburg,  Mississippi,  Miscellaneous  Paper  EL-80-5.   51  p.   (109) 

Prater,  B.L.  and  M.A,  Anderson.  1977a.  A  96-hour  sediment  bioassay  of  Duluth  and 
Superior  Harbor  basins  (Minnesota)  using  Hexagenia  limbata,  Asellus  communis, 
Daphnia  magna  and  Pimephales  promelas  as  test  organisms.  Bull.  Environ.  Contam. 
Toxicol.  18:  159-169.   (126) 

2437.1  7.6 


Prater,  B.L.  and  M.A.  Anderson.  1977b.  A  96-hour  bioassay  of  Otter  Creek,  Ohio.  J, 
Water  Pollut.  Control  Fed.  ^9:  2099-2106.   (128) 

Prater,  B.L.  and  R.A.  Hoke.  1980.  A  method  for  the  biological  and  chemical  evaluation 
of  sediment  toxicity,  pp.  '/83-^99.  In:  Contaminants  and  Sediments,  Volume  1.  Ed. 
R.A.  Baker.   Ann  Arbor  Publ.  Inc.,  Ann  Arbor,  Michigan.   (122) 

Recra  Research,  Inc.  (Recra).  1981.  Chemical  and  Bioassay  Analysis,  Lake  Erie  Western 
Basin,  Toledo  Harbor.   Report  to  the  U.S.  Army  COE,  Buffalo  District.  'f6  p.  (117) 

T.P.  Associates  International,  Inc.  (TPAI).  1987a.  The  Analyses  of  Sediments  from 
Oswego  Harbor.   Report  to  the  U.S.  Army  COE,  Buffalo  District.  55  p.  (113) 

T.P.  Associates  International,  Inc.  (TPAI).  1987b.  Results  of  96-Hour  Sediment  Bioassay 
Tests  of  Sediment  from  Oak  Orchard  Harbor.  Report  to  the  U.S.  Army  COE,  Buffalo 
District.   21  p.   (116) 

T.P.  Associates  International,  Inc.  (TPAI).  1987c.  The  Analyses  of  Sediments  from  Oak 
Orchard  Harbor.   Report  to  the  U.S.  Army  COE,  Buffalo  District.    19  p.  (116) 

T.P.  Associates  International,  Inc.  (TPAI).  1987d.  The  Analyses  of  Sediments  from  the 
Proposed  Open-Lake  Disposal  Site  at  Toledo,  Ohio.  Report  to  the  U.S.  Army  COE, 
Buffalo  District,  ^'f  p.  (Ill) 

T.P.  Associates  International,  Inc.  (TPAI).  1987e.  The  Analyses  of  Sediments  from 
Vermilion  Harbor.   Report  to  the  U.S.  Army  COE,  Buffalo  District.  26  p.  (119) 

T.P.  Associates  International,  Inc.  (TPAI).  1987f.  Results  of  96-Hour  Sediment  Bioassay 
Tests  of  Sediment  from  Vermilion  Harbor,  Ohio.  Report  to  the  U.S.  Army  COE, 
Buffalo  District.   28  p.   (119) 

T.P.  Associates  International,  Inc.  (TPAI).  1987g.  Results  of  96-Hour  Bioassay  Tests  of 
Sediment  from  Olcott  Harbor.  Report  to  the  U.S.  Army  COE,  Buffalo  District.  21 
p.   (115) 

T.P.  Associates  International,  Inc.  (TPAI).  1987h.  The  Analyses  of  Sediments  from 
Olcott  Harbor.   Report  to  the  U.S.  Army  COE,  Buffalo  District.   23  p.  (115) 

Wagemann,  R.,  N.B.  Snow,  D.M.  Rosenberg  and  A.  Lutz.  1978.  Arsenic  in  sediments, 
water  and  aquatic  biota  from  lakes  in  the  vicinity  of  Yellowknife,  Northwest 
Territories,  Canada.   Arch.  Environ.  Contam.  Toxicol.  7:  169-191.  (82) 

Wentsel,  R.,  A.  Mcintosh  and  G.  Atchison.  1977a.  Sublethal  effects  of  heavy  metal 
contaminated  sediment  on  midge  larvae  (Chironomus  tentans).  Hydrobiologia  56: 
153-156.   (92) 

Wentsel,  R.,  A.  Mcintosh,  W.P.  McCafferty,  G.  Atchison  and  V.  Anderson.  1977b. 
Avoidance  response  of  midge  larvae  (Chironomus  tentans)  to  sediments  containing 
heavy  metals.    Hydrobiologia  55:  171-175.   (101) 

Wentsel,  R.,  A.  Mcintosh  and  V.  Anderson.  1977c.  Sediment  contamination  and  benthic 
macroinvertebrate  distribution  in  a  metal-impacted  lake.  Environ.  Pollut.  I'':  187- 
193.   (97) 


2^^37.1 


Wentsel,  R.,  A.  Mcintosh  and  G.  Atchison.  1978a.  Evidence  of  resistance  to  metals  in 
larvae  of  the  midge  Chironomus  tentans  in  a  metal  contaminated  lake.  Bull. 
Environ.  Contam.  Toxicol.  20:  1^51-^55.   (65) 

Wentsel,  R.,  A.  Mcintosh  and  W.P.  McCafferty.  1978b.  Emergence  of  the  midge 
Chironomus  tentans  when  exposed  to  heavy  metal  contaminated  sediment. 
Hydrobiologia  57:  195-196.   (98) 

White,  D.S.  198^.  Redistribution  of  sediment-bound  toxic  organics  by  benthic 
invertebrates,  p.  76-78.  In:  The  Cycling  of  Toxic  Organic  Substances  in  the  Great 
Lakes  Ecosystem.  Cooperative  Program  GLERL,  Univ.  Mich.,  Univ.  Minn.,  Mich. 
State  Univ.,  Argonne  Nat.  Lab  and  Oak  Ridge  Nat.  Lab.  Annual  Report  to  NOAA. 
(68) 

Wiederholm,  T.,  A.-M.  Wiederholm  and  G.  Milbrink.  1987.  Bulk  sediment  bioassays  with 
five  species  of  fresh-water  oligochaetes.   Water  Air  Soil  Pollut.  36:  131-15'f.  (19«) 

7  A         Screening  Level  Concentration 

Creese,  E.E.  1987a.  Rep>ort  on  the  1983  Benthic  Invertebrate  Survey  of  the  Niagara 
River  and  Nearby  Lake  Ontario.  Volume  I.  Integrated  Explorations  Report  PJ8307 
to  the  MOE.   57  p.   (1«7) 

Creese,  E.E.  1987b.  Report  on  the  1983  Benthic  Invertebrate  Survey  of  the  Niagara 
River  and  Nearby  Lake  Ontario.  Volume  H.  Appendices.  Integrated  Exploration 
Report  PJ8307  to  the  MOE.   222  p.  (1«) 

Dorkin,  3.,  P.  Ross,  M.S.  Henebry,  3.  Miller  and  M.  Wetzel.  1988.  Biological  and 
Toxicological  Investigations  of  Chicago  Area  Navigation  Projects.  U.S.  Army  COE, 
Chicago  District,  Draft  Report.   (1*3) 

Griffiths,  M.  1978.  Effects  of  Industrial  Effluents  on  Water  Quality,  Sediments  and 
Benthos  of  the  St.  Lawrence  River  at  Maitland,  Ontario.   MOE  Report.  ^2>  p.   (l*f) 

Griffiths,  R.W.  1987.  Environmental  Quality  Assessment  of  Lake  St.  Clair  in  1983  as 
Reflected  by  the  Distribution  of  Benthic  Invertebrate  Communities.  Aquatic 
Ecostudies  Limited  Report  to  the  MOE.   35  p.  (1*5) 

3aagumagi,  R.  1987.  Great  Lakes  Benthic  Enumeration  Study  1986.  Report  to  the  MOE. 
(150) 

Jaagumagi,  R.  1987.  Great  Lakes  Benthic  Enumeration  Study  1985.  Report  to  the  MOE. 
(151) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1976a.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Rochester  Harbor,  New  York.  (133) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1976b.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Huron,  Ohio.  (132) 

2^*37.1  7.8 


United  States  Environmental  Protection  Agency  (U.S.  EPA).  1976c.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Ogdensburg  Harbor,  New  York.   (131) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1977a.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Cape  Vincent,  New  York.   (IW) 

United  States  Environmental  Protection  Agency  (U.5.  EPA).  1977b.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Cuyahoga  River,  Ohio.    (1*1) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1977c.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Fairport,  Ohio.   (139) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1977d.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Oak  Orchard,  New  York.  (138) 

United  States  Environmental  Protection  Agency  (U^.  EPA).  1977e.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Olcott  Harbor,  New  York.  (130) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  19771.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Sackets,  New  York.  (137) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1977g.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Dunkirk,  New  York.   (136) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  1977h.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Conneaut,  Ohio.  (135) 

United  States  Environmental  Protection  Agency  (U.S.  EPA).  19771.  Report  on  the 
Degree  of  Pollution  of  Bottom  Sediments,  Ashtabula,  Ohio.   (13*) 

Wilkins,  W.D.  1985.  Sediment  Quality  and  Benthic  Macroinvertebrates  at  25  Transects 
in  the  Lake  Ontario  Nearshore  Zone  1981.  W.D.  Wilkins  &.  Associates  Report  to  the 
MOE.   60  p.  (1»6) 


7  J         Spiked  Bioassay 


Birge,  W.3.,  J.A  Black,  A.G.  Westerman,  P.C.  Francis  and  3.E.  Hudson.  1977. 
Embryopathic  Effects  of  Waterborne  and  Sediment-accumulated  Cadmium,  Mercury 
and  Zinc  on  Reproduction  and  Survival  of  Fish  and  Amphibian  Populations  in 
Kentucky.  Kentucky  University,  Water  Resources  Research  Institute,  Research 
Report  No.  100.  28  p. 

Cairns,  M.A.,  A.V.  Nebeker,  2.H.  Gakstatter  and  W.L.  Griffis.  198^*.  Toxicity  of  copper- 
spiked  sediments  to  freshwater  invertebrates.   Environ.  Toxicol.  Chem.  3:  ^35-^'t5. 

Francis,  P.C,  W.3.  Birge  and  J.A.  Black.  198^*.  Effects  of  cadmium-enriched  sediment 
on  fish  and  amphibian  embryo-larval  stages.    Ecotoxicol.  Environ.  Safety  8:  378-387. 

Keiity,  T.3.,  D.S.  White  and  P.P.  Landrum.  1988.  Short-term  lethality  and  sediment 
avoidance  assays  with  endrin-contaminated  sediment  and  two  oligochaetes  from 
Lake  Michigan.    Arch.  Environ.  Contam.  Toxicol.  17:  95-101. 

2^*37.1  7.9 


Kosalwat,  P.  and  A.W.  Knight.  1987a.  Acute  toxicity  of  aqueous  and  substrate-bound 
copper  to  the  midge,  Chironomus  decorus.  Arch.  Environ.  Contam.  Toxicol.  16:  275- 
282. 

Kosalwat,  P.  and  A.W.  Knight.  1987b.  Chronic  toxicity  of  copper  to  a  partial  life  cycle 
of  the  midge,  Chironomus  decorus.    Arch.  Environ.  Contam.  Toxicol.  16:  283-290. 

Magnuson,  3.3.,  A.M.  Forbes  and  R.3.  Hall.  1976.  An  Assessment  of  the  Environmental 
Effects  of  Dredged  Material  Disposal  in  Lake  Superior.  Volume  3,  Biological 
studies:  Duluth-Superior  and  Keweenaw  study  areas.  Final  Report.  University  of 
Wisconsin-Madison,  Marine  Studies  Center.    173  p. 

Malueg,  K.W.,  G.S.  Schuytema,  D.F.  Krawczyk  and  3.H.  Gakstatter.  198^a.  Laboratory 
sediment  toxicity  tests,  sediment  chemistry  and  distribution  of  benthic 
macroinvertebrates  in  sediments  from  the  Keweenaw  Waterway,  Michigan.  Environ. 
Toxicol.  Chem.  3:  233-2^2. 

Malueg,  K.W.,  G.S.  Schuytema,  3.H.  Gakstatter  and  D.F.  Krawczyk.  198'fb.  Toxicity  of 
sediments  from  three  metal-contaminated  areas.  Environ.  Toxicol.  Chem.  3:  279- 
291. 


2^37.1  7.10 


APPENDIX  A 
Sediment  Background  and  Benchmark  Data 
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BACKGROUND  CADMIUM  CONCENTRATIONS 


Sample  Location  Type 

Location 

Year 

No.  of 
Cores 

Core  Sample 
Depth  (cm) 

Mean  (Range) 

Concentration 

(ug/g) 

Kelerencc 

Depositional  Basin 

Lake  Ontario 

1971 

3 

li-tO 

IJ  (D.9-2.0) 

Kemp  and  Del)  (1976, 

Lake  Ontario 

1981 

- 

9-10 

2.3-3.7 

Mudroche^aLinSS, 

Lake  Erie 

1971 

6 

13-30 

1.1  (0.3-1.7) 

Kemp  and  Dell  (1976; 

Uke  Erie 

1972 

3 

I«-260 

0.7  (L  0.1-1.6) 

Walters  e^aL  (1974) 

Lake  Erie 

1973 

- 

GT  10 

3.110.1 

Plumb  and  Sweeney  (198C 

Uke  Erie 

1973 

- 

CT  10 

1.3,0.1 

Plumb  and  Sweeney  !I9S: 

Lake  Erie 

1973 

- 

GT  10 

3.2t0.9 

Plumb  and  Sweeney  (198: 

Lake  Erie 

1976 

30-120 

0.9 

Mudroch  et  aL  (1988) 

Lake  Erie 

1976 

21 

pre-colonial 

1.0 

Nriague^aK  (1979) 

Lake  Huron 

1971 

2 

8.0-JO.O 

1.1(1.0-1.8) 

Kemp  and  Thomas  (1976) 

Uke  Huron 

197<»-73 

20 

20-30 

1.6  (0.7-3.8)' 

Robbins(19S0) 

Uke  Huron 

197S 

12-30 

0.2-0.9 

Mudroch  eiaL(  1988) 

Lake  Michigan 

1981 

10 

OJ-0.7 

Mudroch  et  81.(1988) 

Uke  Superior 

1978 

10-20 

0.1-0.7 

Mudroch  etal.  (1988) 

Non-deposit  ional  Zone 

Georgian  Bay 

1978 

10-2'f 

0.6-1.0 

Mudroch  et,aL  (1988) 

Embayments/River 

Hamilton  Harbour 

1976 

17 

I.I1I.9 

MOE(1978) 

Mouths/Harbours 

Buffalo  Harbor 

197<. 

18 

0.1 

Mudroch  etaL  (1988) 

South  Bay 

1971 

1 

8-10 

1.3 

Kemp  and  Thomas  (1976/ 

South  Bay 

1978 

20-30 

1.0 

Mudroch  et,  ah  (1988) 

Green  Bay 

1981 

- 

13 

OJl-1.3 

Mudroch  eiaL  (1988) 

Pic  River 

1972 

1 

GT  10 

1.2  (1.1-1.3) 

F,tchko(1971) 

Nipigon  River 

1972 

1 

CT  10 

0.9(0.7-1.0) 

Fitchko  (1971) 

Mclntyre  River 

1972 

1 

GT  10 

0.7  (0.6-0.8) 

Fitchko  (1971) 

Kaministikwia  River 

1972 

1 

GT  10 

1.0(0.9-1.1) 

Fitchko  (1971) 

Lower  Keweenaw  Entry 

1972 

1 

CT  10 

0.3  (0.2-0.3) 

Fitchko  (1971) 

Betsie  Uke  Outlet 

1972 

I 

GT  10 

OJ  (0.1-0.6) 

F,tchko(1971) 

Trail  River 

1972 

1 

CT  10 

0.8(0-5-1.1) 

Fitchko  (1971) 

French  River 

1972 

2 

GT  13 

1.0(0.9-1.1) 

Fitchko  (1971) 

Magnetawan  River 

1972 

1 

GT  10 

0.6 

Fitchko  (1971) 

Moon  River 

1972 

2 

GT  10 

1.2(0.9-1.3) 

Fitchko  (1971) 

Musquash  River 

1972 

2 

GT  10 

0.9  (0.6-1.0) 

Fitchko  (1971) 

Severn  River 

1972 

1 

GT  10 

1.0(0.8-1.1) 

Fitchko  (1971) 

Napanee  River 

1972 

2 

GT  30 

1.1  (1.0-1.1) 

Fitchko  (1971) 

Conneaut  River 

1973 

1 

GT  10 

0.8  (0.7-0.9) 

Fitchko  (1971) 

Thunder  Bay 

1988 

13 

10-128 

0.2  (0.1-1. 1) 

BEAK  (1988) 

Hamilton/Toronto  Harbour 

1973? 

3 

70-100 

1.0 

Nriagueial.(1953) 

•  Mean  of  means  (range  of  means) 

L    -    less  than 

GT   -   greater  than 


APPENDIX  TABLE  A-3:        BACKGROUND  CHROMRJM  CONCENTRATIONS 


Mean  (Range) 
Core  Sample  Concentration 
Depth  (cm)  (ug/g) 


Depositional  Basin                Lake  Ontario 

1983 

9-10 

63-86 

Mudroch  £111,(1988) 

Uke  Erie 

1972             3 

l«-260 

18(10-30) 

Walters  etaL  (1970) 

Lake  Erie 

1973 

GT  10 

73t'. 

Plumb  af>d  Sweeney  (198C 

Uke  Erie 

1973 

GT  10 

39i2 

Plumb  and  Sweeney  (198: 

Lake  Erie 

1973 

CT  10 

05,2 

Plumb  and  Sweeney  (1980 

Lake  Erie 

1973            1! 

18  (9-32)* 

Walters  and  Wolery  (197o; 

Lake  Huron 

I97«-7J         23 

20-30 

33  (2'.-S3)' 

Robbins  (1980) 

Lake  Huron 

197X 

10-28 

30-07 

Mudrochet,al,(1988) 

Lake  Michigan 

1970            10 

GT20 

33  (32-68) 

Shimpet  al,(1971) 

Uke  Michigan 

1981 

. 

30 

Mudrochetal,(198S) 

Lake  Superior 

1978 

- 

26-73 

Mudrochet  aL  (1988) 

Non-depositional  Zone        Lake  Ontario 

1983 

10-GT  23 

13-100 

Mudrochet  al.(1988) 

SagifMw  Bay 

1973            10 

GT20 

12  (10-93) 

Robbins  (1981) 

Georgian  Bay 

1978 

10-2". 

29-01. 

Mudroch  et  aL(1988) 

Lake  Superior 

1978 

- 

30-32 

MudrochelaU  (1988) 

Uke  Superior 

1971             2 

GT20 

33  (20-88) 

Mothersill  and  Fung  (1972 

Embayments/River              Hamilton  Harbour 

1976            17 

. 

3*103 

MOE  (1978) 

Mouthj/Harbours                 Buffalo  Harbor 

1972              1 

GT23 

30 

Walters  el  aL(1970) 

Cleveland  Harbor 

1972             1 

93 

30 

Walters  etaL  (1970) 

Niplgofi  River 

1972             1 

CT  10 

16(13-19) 

Fitchko  (1970) 

Pic  River 

1972             1 

GT  10 

12(11-13) 

Fitchko  (1970) 

Mclntyre  River 

1972              1 

GTIO 

8  (7-10) 

Fitchko  (1970) 

KaminUtikwla  River 

1972              1 

GT  10 

U  (9-12) 

Fitchko  (1970) 

Lower  Keweenaw  Entry 

1972              1 

GTIO 

1  (L  1-2) 

Fitchko  (1970) 

Betjie  Lake  Outlet 

1972              1 

CT  10 

1 

F.tchko  (1970) 

Trail  River 

1972             1 

GT  10 

2(1-3) 

Fitchko  (1970) 

French  River 

1972             2 

GT13 

13  (12-17) 

Fitchko  (1970) 

Magnetawan  River 

1972              1 

GT  10 

0  (3-3) 

Fitchko  (1970) 

Moon  River 

1972             2 

GT  10 

8(6-10) 

Fitchko  (1970) 

Mujquash  River 

1972             2 

GT  10 

6  (3-8) 

Fitchko  (1970) 

Severn  River 

1972              1 

CT  10 

9(7-11) 

Fitchko  (1970) 

Napanee  River 

1972             2 

GT30 

25  (21-31) 

Fitchko  (1970) 

Conneaut  River 

1973             1 

CT  10 

18(13-28) 

Fitchko  (1970) 

Thunder  Bay 

1988            13 

10-128 

67  (00-100) 

BEAK  (1988) 

Buffalo  Harbor 

1973              1 

- 

19 

Walters  and  Wolery  (1971.  ■) 

Hamilton/Toronto  Harbours 

1973?            3 

70-100 

55 

Nriaguet  £1^(1983) 

*  Means  of  means  (range  of  means) 

L    -    less  than 

CT   -   greater  than 


APPENDIX  TABLE  A-1:        BACKGROUND  COPPER  CONCENTRATIONS 


Sample  Location  Type 

Location 

Year 

No.  of 
Cores 

Core  Sample 
Depth  (cm) 

Mean  (Rang-; 
Concentration 

(ug/g) 

Reterenc- 

Depositional  Basin 

Lake  Ontario 

1971 

3 

13-00 

11  (33-36) 

Kemp  and  Dell  (1976) 

Lake  Ontario 

19S3 

9-10 

13-30 

MudrocheiaL(1988i 

Lake  Erie 

1971 

6 

13-120 

29  (20-31) 

Kemp  and  Dell  (1976) 

Lake  Efie 

1972 

3 

l'.-260 

12  (7.1-21) 

Walters  etaL  (1971) 

Uke  Erie 

1973 

2 

21-260 

11  (6.3-38) 

Walters  and  Wolery  (1971) 

Lake  Erie 

1979 

17 

pre-colonial 

18 

Nriagu  et,aL(1979) 

Lake  Huron 

1971 

2 

8-30 

10(10-11) 

Kemp  and  Thomas  (1976) 

Uke  Huron 

197i(-73 

27 

20-30 

30  (8-11)* 

Robbins(1980) 

Lake  Huron 

197S 

10-30 

31-18 

Mudroch  et  aL{1988) 

Lake  Michigan 

1970 

10 

GT20 

19(8-32) 

ShimpeiaL(1971) 

Lake  Michigan 

1981 

- 

13 

Mudroch  et.  ah  (1988) 

Lake  Superior 

197S 

- 

30-81 

Mudroch  etaL  (1988) 

Non -deposit  lonai 

Lake  Onurio 

19S3 

. 

10-GT  23 

60-100 

Mudrochet  ah  (1988) 

Zone 

Saginaw  Bay 

1975 

13 

GT20 

10(3-31) 

Robbins  (1981) 

Georgian  Bay 

197S 

- 

10-21 

13-31 

Mudroch  e^aL  (1988) 

Uke  Superior 

1971 

2 

GT20 

61  (60-71) 

Mothersill  and  Fung  (1972) 

Uke  Superior 

I97S 

11-20 

37-69 

Mudroch  et_al.  (1988) 

Embayments/River 

Budalo  Harbor 

1972 

1 

23 

10 

WalterseiaL  (1971) 

Mouths/Harbours 

Cleveland  Harbor 

1972 

1 

120 

10 

Walters  etal.  (1971) 

South  Bay 

1971 

1 

8-10 

33 

Kemp  and  Thomas  (1976) 

South  Bay 

1978 

30-10 

23 

Mudroch  etaL  (1988) 

Pic  River 

1972 

1 

GT  10 

12  (8-16) 

Fitchko  (1971) 

Nipigon  River 

1972 

1 

GT  10 

22(21-22) 

Fitchko(1971) 

Mclntyre  River 

1972 

1 

GT  10 

13  (8-16) 

Fitchko  (1971) 

Kaministikwia  River 

1972 

1 

GT  10 

21  (19-23) 

Fitchko  (1971) 

Lower  Keweenaw  E^try 

1972 

1 

GT  10 

13(7-22) 

Fitchko  (1971) 

Betsie  Lake  Outlet 

1972 

1 

GT  10 

3(1-1) 

Fitchko  (1971) 

Trail  River 

1972 

1 

GT  10 

7(3-10) 

Fitchko  (1971) 

French  River 

1972 

2 

GT13 

11  (10-12) 

Fitchko  (1971) 

Magnetawan  River 

1972 

1 

GT  10 

8  (6-9) 

Fitchko  (1971) 

Moon  River 

1972 

2 

GT  10 

13  (12-11) 

Fitchko  (1971) 

Musquash  River 

1972 

2 

GT  10 

9(1-11) 

Fitchko  (1971) 

Severn  River 

1972 

1 

GT  10 

9(7-10) 

Fitchko  (1971) 

Napanee  River 

1972 

2 

GT  30 

12  (10-13) 

Fitchko  (1971) 

Conneaut  River 

1973 

I 

CT  10 

20  (13-28) 

Fitchko  (1971) 

French  River 

1973 

2 

CT  10 

10(8-12) 

Fitchko  (1978) 

Thunder  Bay 

1988 

13 

10-128 

31  (11-80) 

BEAK  (1988) 

Cleveland  Harbor 

1973 

1 

121-123 

13 

Walters  and  Wolery  (1971) 

Buffalo  Harbor 

1973 

1 

23-33 

16  (11-18) 

Walters  and  Wolery  (1971) 

Hamilton/Toronto  Harbours 

1973-' 

3 

70-100 

26 

Nriagu  et  aL  (1983) 

Bay  of  Ouinte 

1977^ 

1 

GT22 

19 

Mudroch  and  Capobianco  (19S') 

•  Mean  . 
GT    -   gi 


APPENDIX  TABLE  A-J:        BACKGROUND  IRON  CONCENTRATIONS 


Sample  Location  Type 

Location 

Year 

No.  ot 
Cores 

Core  Sample 
Depth  (cm) 

Mean  (Range) 
(ug/g) 

Reference 

Depositional  Basin 

Lake  Ontario 

1971 

13-1(0 

1.35  (3.7K-5.25) 

Kemp  and  Dell  (1976) 

Lake  Ontario 

1983 

9-10 

1.92 

Mudrochet  aL(1988) 

Lake  Erie 

1971 

13-30 

3.82  (2.76-3.89) 

Kemp  and  Dell  (1976) 

Uke  Erie 

1972 

l'(-260 

1.7  (0.89-2.9) 

Walters  etal.  (1971) 

Lake  Erie 

1973 

CT  10 

i.tltO.17 

Plumb  and  Sweeney  (1980) 

Uke  Erie 

1973 

GTIO 

3.13tO.!2 

Plumb  and  Sweeney  (1980) 

Lake  Erie 

1973 

GTIO 

3.KOt0.2<( 

Plumb  and  Sweeney  (1980) 

Lake  Erie 

1973 

2<»-260 

1.29  (0.78-1.90) 

Walters  and  Wolery  (1971) 

Lake  Erie 

1976 

30-120 

<(.67-i..82 

Mudrocheial;(1988) 

Like  Huron 

1971 

8-30 

KM*  (* JHJ».65) 

Kemp  and  Thomas  (1976) 

Lake  Huron 

197«-73 

20-30 

2.59  (0.98-4.00)* 

Robbins  (1980) 

Lake  Huron 

197S 

10-30 

3.22-3.02 

Mudrochetal.(1988) 

Lake  Huron 

1980 

1.13-4.30 

Mudrochet.al.{1988) 

Lake  Superior 

1978 

10-20 

3.18-3.88 

Mudrocheiar.(1988) 

Non-depositional  Zone 

Saginaw  Bay 

1973 

10 

GT20 

1.77  (0.80-3.17) 

Robbins  (1981) 

Georgian  Bay 

1978 

I0-2<( 

3.0K-5.20 

Mudrochetal.(1988) 

Lake  Superior 

1971 

GT20 

1.09  (3.98-4.21) 

MothersiU  and  Fung  (1972) 

Lake  Superior 

1978 

- 

l'»-20 

5.37-3.91 

Mudrochelal.(1988) 

Embaymenu/River 

Hamilton  Harbour 

1976 

17 

2.0t0.8 

MOE(1978) 

Mouths/Harbours 

Buffalo  Harbor 

1970 

23 

1.1 

Mudrochetal.(1988) 

Cleveland  Harbor 

197<( 

120 

1.3 

Mudroch  etal.  (1988) 

South  Bay 

1971 

8-10 

1.07 

Kemp  and  Thomas  (1976) 

South  Bay 

1978 

20-30 

1.36 

Mudrochet  aL  (1988) 

Cleveland  Harbor 

1973 

121-123 

1.8 

Walters  and  Wolery  (1971) 

Buffalo  Harbor 

1973 

23-35 

1.3  (1.2-1.1) 

Walters  and  Wolery  (1971) 

Hamilton/Toronto  Harbours 

1973' 

70-100 

3.1 

Nriagu  et  al.(1983) 

•  Mean  of  means  (range  of  means) 
CT   -   greater  than 


APPENDIX  TABLE  A-6:        BACKGROUND  LEAD  CONCENTRATIONS 


Mean (Range 
Core  Sample  Concentratio 
Depth  (cm)  (ug/g) 


Depositional  Basin 

Lake  Ontario 

1971 

13-40 

30  (26-32) 

Kemp  and  Dell  (1976, 

Lake  Ontario 

1983 

9-10 

18-19 

Mudroch  e^aL  (1988 

Lake  Erie 

1971 

13-120 

28(21-'.9) 

Kemp  and  Dell  (1976, 

Lake  Erie 

1979 

pre-colonial 

26 

Nriagu  eiaK(l979) 

Lake  Huron 

1971 

8-30 

30  (2'.-36) 

Kemp  and  Thomas  (1976; 

Uke  Huron 

197I.-73 

20-30 

27(13.31>* 

Robbins  (1980) 

Lake  Huron 

197S 

10-30 

U-29 

Mudroch  et  ah  (1988) 

Lake  Michigan 

1970 

GT20 

20(16-31) 

Shimp  et  aL  (1971) 

Lake  Michigan 

1981 

10 

8-10 

Mudrochet  al.(198Sl 

Uke  Michigan 

1981 

10 

Mudroch  ei^aK  (1988; 

Lake  Superior 

1978 

10-20 

21-6S 

Mudroche^aL  (1988) 

Non-depositional  Zone 

Uke  Ontario 

1983 

10-CT23 

23 

Mudrochetal.(1988) 

Saginaw  Bay 

1973 

CT20 

23  (10-31) 

Robbm5(198l) 

Georgian  Bay 

1978 

10-21. 

1.3-3 1 

Mudroch  et  aL  (1988) 

Lake  Superior 

1978 

l*-20 

18-23 

Mudroch  et  ah  (1988) 

Embayments/River 

Hamilton  Harbour 

1976 

- 

28t31. 

MOE  (1978) 

Mouths/Harbours 

South  Bay 

1971 

8-10 

38 

Kemp  and  Thomas  (1976) 

South  Bay 

1978 

10-2f 

87-93 

Mudroch  elaU  (1988) 

South  Bay 

1978 

20-30 

3K 

Mudroch  etaL(  1988) 

Green  Bay 

1981 

13 

8-29 

Mudroch  el  ah  (1988) 

Pic  River 

1972 

CT  10 

12(11-13) 

Fitchko  (1971.) 

Nipigon  River 

1972 

GT  10 

17(13-21) 

Fitchko(197i.) 

Mclntyre  River 

1972 

GT  10 

10(8-12) 

Fitchko  (1971.) 

Kaministikwia  River 

1972 

GT  10 

8(7.i) 

Fitchko  (1971.) 

Lower  Keneenaw  Entry 

1972 

GT  10 

3  (1.-6) 

Fitchko  (1971.) 

Beuie  Uke  Outlet 

1972 

GT  10 

8(1.-11) 

Fitchko  (I97H) 

Trail  River 

1972 

GT  10 

16  (7-23) 

Fitchko  (1971.) 

French  River 

1972 

GT  13 

21  (12-26) 

Fitchko  (1971.) 

Magnetawan  River 

1972 

GT  10 

7  (6-8) 

Fitchko  (1971.) 

Moon  River 

1972 

CT  10 

10(5-11.) 

Fitchko  (1971.) 

Musquash  River 

1972 

GT  10 

8  (6-9) 

Fitchko  (1971.) 

Severn  River 

1972 

GT  10 

12  (8-18) 

Fitchko  (1971.) 

Napanee  River 

1972 

GT  30 

12  (8-16) 

Fitchko  (1971.) 

Conneaut  River 

1973 

GT  10 

13(11-17) 

Fitchko  (I97M 

ThuTxler  Bay 

1988 

10-128" 

13(8-20) 

BEAK  (1988) 

Hamilton/Toronto  Harbours 

1973? 

' 

70-100 

27 

Nriaguetal.(l983) 

n  ol  means  (range  ol  means) 
greater  than 


APPENDIX  TABLE  A-7:        BACKGROUND  MANGANESE  CONCENTRATIONS 


Sample  Location  Type 

Location 

No 
Year      Co 

.of       Core  Sample 
res        Depth  (cm) 

Mean  (Range) 

Concentration 

(ug/g) 

Reierence 

Depositional  Baiin 

Lake  Ontario 

1971 

3                  13J.0 

0.13  (0.06-0.23) 

Kemp  and  Dell  (1976) 

Lake  Erie 

1971 

6                   3-120 

0.07  (0.06-0.10) 

Kemp  an<j  Dell  (1976) 

Lake  Huron 

1971 

2                   S-30 

0.09  (0.O9-O.10) 

Kemp  and  Thomas  (1976) 

Lake  Huron 

19711-73       2 

7                  20-30 

0.036  (0.017-0.066)* 

Robbins(19S0) 

Non-depojitional 

Saginaw  Bay 

1973 

0                GT20 

0.0«2  (0.013-0.066) 

Robbins(1981) 

Zooe 

Uke  Superior 

1971 

2                 GT20 

0J90  (0.079-0.106) 

Mothersill  and  Fung  (1972) 

Embaymentj/River 

South  Bay 

1971 

1                   S-10 

0.10 

Kemp  and  Thomas  (1976) 

Mouths/Harbours 

Pic  River 

1972 

CT  10 

0.011  (0.010-0.013) 

Fitchko(197») 

Nlpigon  River 

1972 

GTIO 

0.011  (0.010-0.012) 

Fitchko  (1971.) 

Mclntyre  River 

1972 

GT  10 

O.OU  (0.012-O.016) 

Fitchko(197<.) 

Kaminiitikwia  River 

1972 

GT  10 

0.013  (0.012-O.OKl) 

Fitchko(197<() 

Lower  Keweenaw  Entry 

1972 

GT  10 

0.00*  (0.003-O.003) 

Fltchko(197i() 

Beuie  Lake  Outlet 

1972 

GT  10 

0.003  (0.002J:.007) 

Fitchko  (197H) 

Trail  River 

1972 

GT  10 

0.0O6  (0.003-O.OOS) 

Fitchko(197i.) 

French  River 

1972 

2                 GT  13 

0.020(0.018-0.022) 

Fitchko  (197K) 

Magnetawan  River 

1972 

GT  10 

O.OU  (0.O12-O.016) 

Fitchko  (1971.) 

Moon  River 

1972 

2                  GT  10 

0.016  (0.0<.3-O.030) 

Fitchko  (197i») 

Musquash  River 

1972 

2                  CT  10 

O.OIl  (0.009-0.011) 

Fitchko  (19711) 

Severn  River 

1972 

GT  10 

0.017  (0.012-0.020) 

Fitchko  (197K) 

Napanee  River 

1972 

2                  GT30 

0.039  (O.03'.-0.0'.3) 

Fitchko  (19711) 

Conneaut  River 

1973 

GT  10 

0.020  (0.0 1<.-0.02'.) 

Fitchko  {197K) 

Hamilton/Toronto  Harbours 

1973? 

3                  70-100 

0.061 

Nriaguetal.(1983) 

•  Mean  of  means  (range  o(  means) 
GT  -   greater  than 


APPENDIX  TABLE  A-S:        BACKGROUND  MERCURY  CONCENTRATIONS 


Sample  Location  Type 

Location 

Year 

No.  of 
Cores 

Core  Sample 

Depth  (cm) 

Mean  (Range) 

Concentration 

(ug/g) 

Reference 

Deposilional  Basin 

Lake  OnUrio 

1971 

3 

13-40 

0.07  (0.03-0.09) 

Kemp  and  Dell  (1976, 

Uke  Erie 

1971 

6 

13-30 

0.C8  (0.0«-0.19) 

Kemp  and  Dell  (19761 

Lake  Erie 

1972 

- 

3-lK 

0.63-0.73 

Mudroch  elaL  (1988) 

Uke  Erie 

1972 

3 

l'(-260 

O.OK  (0.02-0.06) 

Walters  et,  ah  (19711) 

Lake  Erie 

1973 

GT  10 

0.10t0.03 

Plumb  and  Sweeney  (198C) 

Uke  Erie 

1973 

CT20 

0.0<.-0.09 

MudrocheiaL  (198S) 

Lake  Erie 

1973 

- 

CT  10 

0.27t0.1I 

Plumb  and  Sweeney  (198C) 

Uke  Erie 

1973 

GT  10 

0.31t0.08 

Plumb  and  Sweeney  (1980 

Lake  Erie 

1973 

18 

O.Oit  (0.02-0.07) 

Walters  and  Wolery  (1971.) 

Uke  Erie 

1976 

- 

30-120 

0.0<.-0.09 

Mudroch  et,aK(1988) 

Lake  Huron 

1971 

2 

8-30 

0.07  (0.07-0.08) 

Kemp  and  Thomas  (1976) 

Uke  Huron 

1978 

10-30 

O.OU-O.Ot 

Mudroch  elaK  (1988) 

Lake  Michigan 

1971 

GT20 

0.08  (0.03-0.77) 

Kennedyet  al.(1971) 

Uke  Superior 

197S 

10-20 

0.0<.-0.07 

Mudrochelal.(198a) 

Non-depositionaJ  Zone 

Lake  Ontario 

19S3 

23 

0.<»0-0.70 

Mudroch  et  ah  (1988) 

Georgian  Bay 

197X 

10-2Q 

0.03-0.03 

Mudroch  eiaL  (1988) 

Lake  Superior 

1978 

111-20 

0.08 

Modrocheial.(1988) 

Embaymenu/River 

Buffalo  Harbor 

1972 

23 

0.03 

Walters  eial.(197i.) 

Mouths/Harbours 

Cleveland  Harbor 

1972 

120 

0.20 

Walters  1111,(1971,) 

South  Bay 

1971 

8-10 

0.30 

Kemp  and  Thomas  (1976) 

South  Bay 

1978 

20-30 

0.32 

Mudroch  eiaL  (19SS) 

Thunder  Bay 

1988 

10-128 

0.06  a  0.02-OJ8) 

BEAK  (1988) 

Buffalo  Harbor 

1973 

0.0<. 

Walters  and  Wolery  (1970, 

Hamilton  Harbour 

1976 

17 

0.03t0.10 

MCE  (1978) 

L    -    less  than 

GT   -   greater  than 


APPENDIX  TABLE  A-9:        BACKGROUND  NICKEL  CONCENTRATIONS 


Sample  Location  Type 

Location 

Year 

No.  of 
Cores 

Core  Sample 
Depth  (cm) 

Mean  (Range) 

Concentration 

(ug/g) 

Reference 

Depositional  Basin 

Uke  Ontario 

19S3 

9-10 

12-48 

Mudroch  eiaL  (1988) 

Lake  Er.e 

1972 

3 

li»-260 

10  (10-76) 

Walters  eiaL  (1971) 

Uke  Erie 

1973 

17 

11  (21-80) 

Walters  and  Wolery  (1971^                  ^ 

Lake  Huron 

1971..73 

27 

20-30 

33(17-32)« 

Robbins(1980) 

Lake  Huron 

197S 

- 

10-28 

30-31 

Mudroch  etaL  (1988) 

Lake  Michigan 

1970 

10 

CT20 

31  (26-12) 

Shimpeial.(1971) 

Lake  Michigan 

1981 

- 

20 

Mudroch  eiaL  (1988) 

Lake  Superior 

1978 

- 

10-20 

21-70 

Mudroch  etaL  (1988) 

Non-deposit  ional 

Lake  Ontario 

1983 

11-GT23 

30-100 

Mudrochet  aU  (1988)                            ' 

Zone 

Saginaw  Bay 

1973 

12 

GT20 

22  (0-19) 

Robb ins  (1981) 

Georgian  Bay 

1978 

10-2* 

30-61 

Mudroch  etaL  (1988) 

Lake  Si^>erior 

1971 

2 

GT20 

89  (80-108) 

Mothersill  and  Fung  (1972) 

Lake  Superior 

1978 

10-20 

38-61 

Mudroch  etal.  (1988)                            \ 

Embayments/River 

Buffalo  Harbor 

1973 

1 

37 

Walters  and  Wolery  (1971)                    ' 

Mouths/Harbours 

Hamilton  Harbour 

1976 

17 

11t7 

MOE  (1978)                                                 ; 

Buffalo  Harl>or 

197(1 

- 

»0 

63 

Mudroch  eliL  (1988)                              , 

Cleveland  Harbor 

1971 

90 

33 

Mudroch  etaL  (1988) 

Pic  River 

1972 

1 

CT  10 

13(11-13) 

Fitchko(1971) 

Nipigon  River 

1972 

I 

CT  10 

21  (20-21) 

Fitchko(1971)                                           j 

Mclntyre  River 

1972 

1 

GT  10 

17(13-19) 

Fitchko(1971)                                         ' 

Kaministlkwia  River 

1972 

1 

CT  10 

21 (22-26) 

Fitchko(1971)                                            ■ 

Lower  Keweenaw  Entry 

1972 

1 

GT  10 

7(6-8) 

Fitchko(1971) 

Betsie  Lake  Outlet 

1972 

1 

GT  10 

6  (1-4) 

Fitchko(1971)                                            j 

Trail  River 

1972 

1 

CT  10 

9(3-12) 

Fitchko(1971)                                           j 

French  River 

1972 

2 

CT  13 

22(19-21) 

Fitchko(1971)                                            ( 

Magneuwan  River 

1972 

1 

GT  10 

12(10-13) 

Fitchko(1971)                                           i| 

Moon  R.ver 

1972 

2 

CT  10 

19(15-22) 

Fitchko(1971)                                           j 

Musquash  River 

1972 

2 

GT  10 

11  (9-19) 

Fitchko(1971)                                            j 

Severn  River 

1972 

1 

GT  10 

13  (10-16) 

Fitchko(1971)                                            \ 

Napanee  River 

1972 

2 

GT30 

13  (11-17) 

Fitchko(1971)                                            ' 

Conneaut  River 

1973 

1 

GT  10 

11  (9-11) 

Fitchko(1971) 

French  River 

1973 

2 

GT  10 

23(16-33) 

F,tchko(1978) 

Hamilton/Toronto  Harbours 

1973'' 

3 

70-100 

11 

Nriagu  etaL  (1983) 

Bay  of  Ouinte 

19777 

1 

GT22 

17 

Mudroch  and  Capobianco  (198: 

•  Mean  of  means  (range  of  means) 

CT   -   greater  than 

APPENDIX  TABLE  . 


iACKGROUND  ZINC  CONCENTRATIONS 


Sample  Location  Type 

Location 

Year 

No.  ol 
Cores 

Core  Sample 
Depth  (cm) 

Mean  (Range) 

Concentration 

(ug/g) 

Reierenc- 

Depositionai  Basin 

Lake  Ontario 

1971 

5 

15-40 

105(86-121) 

Kemp  and  Dell  (1976, 

Lake  Ontario 

1983 

9-10 

83-163 

Mudrochelal,(l98S: 

Lake  Erie 

1971 

6 

5-120 

98  (69-128) 

Kemp  and  Dell  (1976", 

Uke  Erie 

1972 

3 

l'<-260 

18  (5-37) 

Walters  eiaL  (1971) 

Lake  Erie 

1973 

2 

21-260 

38  (1 J-68) 

Walters  and  *olery  (197i. 

Lake  Erie 

1979 

17 

pre-colonial 

90 

Nriagu  et  aL  (1979) 

Lake  Huron 

1971 

2 

8-30 

88 

Kemp  and  Thomas  (1976) 

Lake  Huron 

197it-73 

27 

20-30 

63  (31-86)* 

Robbins  (1980) 

Lake  Huron 

197S 

- 

10-30 

60-88 

Mudrocheial.(1988) 

Lake  Michigan 

1970 

10 

GT20 

61  (22-80) 

Shimp  eiaL(1971) 

Lake  Michigan 

19S1 

10 

10-15 

Mudroch  eiaL(19S8) 

Lake  Michigan 

19S1 

- 

50 

Mudroche^aL  (1988) 

Lake  Superior 

197S 

- 

10-20 

53-137 

Mudrochet  al.(1988) 

Non-depositional  Zone 

Lake  Ontario 

19S3 

. 

13-1*5 

100 

Mudroch  ei.aL(198aj  . 

Sagir\aw  Bay 

1973 

13 

GT20 

18  (0-130) 

Robbins  (19S1) 

Georgian  Bay 

197X 

10 -21 

87-93 

MudrocheiaL  (1988) 

Lake  Superior 

1971 

2 

GT20 

101 (79-129) 

Mothersill  and  Fung  (197; 

Uke  Superior 

197S 

19-20 

103-117 

Mudroch  elaL  (1988) 

Embaymenu/River 

Hamilton  Harbour 

1976 

17 

. 

210t260 

MCE  (1978) 

Mouths/Harbours 

Buffalo  Harbor 

1972 

1 

25 

50 

Walters  elal.  (1971) 

Cleveland  Harbor 

1972 

1 

120 

10 

Walters  et,aL(197n) 

South  Bay 

1971 

1 

8-10 

116 

Kemp  and  Thomas  (1976) 

South  Bay 

1978 

- 

20-30 

78 

Mudrochelal.(1988) 

Green  Bay 

1981 

- 

15 

50-80 

Mudroch  et.al.(1988) 

Pic  River 

1972 

1 

CT  10 

27  (20-38) 

Fitchko  (1971) 

Nipigon  River 

1972 

1 

GT  10 

21  (20-22) 

Fitchko  (1971) 

Mclntyre  River 

1972 

1 

CT  10 

35  (27-11) 

Fitchko  (1971) 

Kaminiitikwia  River 

1972 

1 

GT  10 

11  (37-11) 

Fitchko  (1971) 

Lower  Keweenaw  Entry 

1972 

1 

GT  10 

9(7-10) 

Fitchko  (1971) 

BeUie  Lake  Outlet 

1972 

1 

GT  10 

3  (1-9) 

F,tchko(I971) 

Trail  River 

1972 

1 

GT  10 

32  (17-16) 

Fitchko  (1971) 

French  River 

1972 

2 

GT  15 

63  (50-73) 

Fitchko  (1971) 

Magnetawan  River 

1972 

1 

GT  10 

25  (16-31) 

Fitchko  (1971) 

Moon  River 

1972 

2 

GT  10 

71  (63-87) 

Fitchko  (1971) 

Musquash  River 

1972 

2 

GT  10 

89  (31-109) 

Fitchko  (1971) 

Severn  River 

1972 

1 

GT  10 

31  (30-71) 

Fitchko  (1971) 

Napanee  River 

1972 

2 

GT30 

80(76-81) 

Fitchko  (I97H) 

Conneaut  River 

1973 

1 

GT  10 

61  (55-69) 

Fitchko  (1971) 

French  River 

1975 

2 

GT  10 

17  (10-61) 

F,tchko(l978) 

BufUlo  Harbor 

1973 

1 

18-55 

13 

Walters  and  Wolery  (197:. 

Hamilton/Toronto  Harbours 

1975' 

3 

70-100 

31 

Nr.agueial,(1983) 

iT    -   grea 


1  (range  of  means) 
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APPENDIX  TABLE  A-12:        ORG ANOCHLORINE  CONCENTRATIONS  IN  SEDIMENT  CORES  COLLECTED  FRO\ 


Approximat 
Dating 


Lake  Huron 


0-1 

1970-1976 

0.037 

0.075 

0.017 

1-2 

196'.-1970 

0.028 

0.039 

0.007 

2-3 

1938-1964 

0.009 

0.012 

ND 

3-22 

pre-193X 

nd2 

ND 

ND 

0-1 

196S-1976 

0.042 

0.066 

0.015 

1-2 

1960.196S 

0.010 

0.013 

0.002 

2-22 

pre-i960 

nd 

ND 

ND 

0-2 

1969-1971 

0.019 

0.053 

ND 

2-4 

1966-1968 

0.009 

0.020 

ND 

t-6 

1963-1963 

0.002 

0.002 

ND 

(,-i 

1961-1963 

0.003 

0.001 

ND 

S-IO 

193$-1960 

0.002 

ND 

ND 

10-12 

1936-193! 

ND 

ND 

ND 

12-1'. 

1933-1933 

ND 

ND 

ND 

'.-112 

1S27-1932 

ND 

ND 

ND 

0-2 

1943-1971 

0.008 

0.003 

0.009 

2-M 

1913-1942 

ND 

ND 

ND 

1-10 

1S29-1914 

ND 

ND 

ND 

0-2 

1960-1971 

0.003 

0.002 

0.003 

2-4 

1948-1939 

0.004 

ND 

ND 

4-6 

1936-1947 

ND 

ND 

ND 

6-10 

I89f-1933 

ND 

ND 

ND 

0-1 

1924-197'. 

0.014 

0.006 

O.OOS 

l-IO 

1424-192'. 

ND 

ND 

ND 

0-1 

192t-I97'. 

0.008 

0.002 

0.007 

1-3 

182'.-1923 

ND 

ND 

ND 

0-1 

1950-1974 

0.0  U 

0.005 

0.010 

1-2 

1925-1949 

0.005 

0.005 

0.002 

2-10 

1725-1923 

ND 

ND 

ND 

0-3 

1920-1970 

0.018 

0.009 

0.009 

3-10 

1808-1920 

ND 

ND 

ND 

0.340 
0.010 


0.030 
0.010 
0.010 
ND 


'  Based  on  Frank  eiaK  (1979a). 
^  ND    =   not  detected. 
'  Based  on  Frank  et.aL  (1977). 
''  Based  on  Frank  et  al.  (1979b). 


APPENDIX  TABLE  A-13:       ORGANOCHLORINE  CONCENTRATIONS  IN  BLUFFS 


MATERIALS 


Parameter 


Concentration  Range  (ug/g) 


Lake  Ontario 


Lake  Erie 


Aldrin 

ex  -Chlordane 
■5-Chlordane 
Oxy-chlordane 
o,p-DDT 
p,p-DDD 
p,p-DDE 
p,p-DDT 
Dieldrin 
a-BHC 
/3-BHC 
^-BHC 
Heptachlor 
Heptachlor  Epoxide 
Mirex 

Hexachlorobenzene 
PCBs 
Endrin 


ND 
ND 
ND 
ND 

ND 
ND  -  0.096  (6)'* 
ND  -  0.020  (1) 
ND- 0.002  (1) 
ND  -  0.001  (1) 
ND- 0.001  (1) 
ND  -  0.001  (1) 

ND 
ND  -  0.001  (1) 

ND 

ND 
ND  -  O.O^fO  (1) 

ND 


ND 

ND 

ND 

ND 

ND 

ND 
ND  -  0.002  (2) 

ND 
ND  -  0.002  (1) 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 


^  1985  MOE  data  provided  by  MOE  (1988). 
2 


Based  on  18  samples  collected. 


ND 


not  detected. 


(number  of  samples  above  the  detection  limit). 
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APPENDIX  B 

Sediment  Toxicity  Data  Stpporting 
Apparent  Effects  Thresholds 


TABLE  B-1: 


PERTINENT  TOXICITY  DATA  SUPPORTING  AET  FOR  COPPER 


Concentration 

Ref.^ 

Test  Species 

Stage 

Type 

Response 

(ug/g) 

123 

H.  limbata 

nymph 

St  10  d 

%Surv 

0 

0 

0 

0 

60 

87* 

0 

0 

1,000 
1,100 
2,200 
2,700 
1,800 
200 
550 
690 

125 

H.  limbata 

nymph 

cf  10  d 

%Surv 

100* 

80 

860        AET 
930 

59 

Chironomus  decorus 

larvae 

St  3d 

%Surv 

15 
21 
1*5 
57 
73 

7,533 
7,522 
6,99^^ 
5,909 
^,608 

62 

Chironomus  tentans 

larvae 

St  10  d 

%  Surv  0 

2,920 

0 

^♦,320 

0 

8,870 

0 

10,600 

7 

1,550 

10 

7,650 

30 

f,^50 

tiO 

1,800 

53 

823 

62 

Gammarus  fasciatus 

adult 

St  10  d 

%  Surv 

0 
0 
0 
60 

1,620 
3,010 
'f,190 
936 

62 

Hyalella  azteca 

adult 

St  10  d 

%Surv 

0 

0 
0 

1,850 
2,560 
^,070 

62 

Chironomus  tentans 

larvae 

St  10  d 

%Surv 

90* 
87» 

73 

1,080       AET 
562 

201 

TABLE  B-1:  PERTINENT  TOXICITY  DATA  SUPPORTING  AET  FOR  COPPER 


Ref.^    Test  Species 


Concentration 
Stage  Type  Response  (ug/g) 


61 

Chironomus  decorus 

larvae 

St  - 

EmDay  21* 

1,797 

AET 

9^ 

Linnnodrilus 
hoffmeisteri 

adult 

St  - 

Rep///d  0 

0.15 
0M3* 

1,870 
150 

9H 

Tubifex  tubifex 

adult 

St- 

Rep///d  0.0^ 
0.30 
0.56* 

1,S70 
150 
'♦O 

Reference  numbers  indexed  in  Section  7.3. 

*  Indicates    response    not    significantly    different    from    that    of    control    or    lowest 
concentration. 


st  =  static  test 

cf  =  continuous  flow 

Em  =  emergence 

Rep  -  reproduction 

Surv  =  survival 


TABLE  B-2: 


PERTINENT  TOXICITY  DATA  SUPPORTING  AET  FOR  LEAD 


Concentration 

Ref.l 

Test  Species 

Stage 

Type 

Response 

(ug/g) 

S^ 

H.  limbata 

nymph 

St  10  d 

%Surv 

87* 
80 

21 
62 

320 

115 

H.  limbata 

nymph 

sff  d 

%Surv 

87* 
88* 

200        AET 
73 

zn 

Chironomus  tentans 

larvae 

st  10  d 

%Surv 

13 

60 
77 

320 
62 
18 

9ii 

Tubifex  tubifex 

adult 

st  - 

%  Surv 

0 

70 
90* 

1,101 
75 
45 
215 

119 

Pimephales  promeias 

juvenile 

sff  d 

%  Surv 

98* 

330        AET 

110 

Pontoporeia  affinis 

adult 

st^d 

%Surv 

0 
It 
63 

470 
450 
250 

94 

Limnodrilus 
hoffmeisteri 

adult 

st  - 

Gr  mg/d 

0.18* 
0.22* 
0.09 
0.16 

45 
75 
215 

1,101 

st  - 

Rep///d 

0.^*5* 
0.15 
0 
0 

45 

75 
215 
1,101 

9^* 

Tubifex  tubifex 

adult 

st  - 

Gr  mg/d 

0.03 
0.09 
0.10 
0.13* 

1,101 
215 

75 
45 

st  - 

Rep///d 

0.04 
0.24 
0.30 
0J6* 

1,101 
215 
75 
45 

Reference  numbers  indexed  in  Section  7.3. 
*  Indicates     response     not    significantly    different    from    that    of    control    or    lowest 

concentration. 
Gr    -    growth 
Other  abbreviations  as  in  Table  B-1. 


TABLE  B-3:  PERTINENT  TOXICITY  DATA  SUPPORTING  AET  FOR  ZINC 


Concentration 

Ref.^ 

Test  Species 

Stage 

Type 

Response 

(ug/g) 

115 

H.  limbata 

nymph 

St4  d 

%  Surv 

87* 

80 

920 
330 

AET 

123 

H.  limbata 

nymph 

St  10  d 

%  Surv 

93* 
0 

570 
950 

85 

T.  tubifex/ 

L.  hoffmeisteri 

adult 

St  ^  d 

%  Surv 

98* 

1,380 

92 

Chironomus  tentans 

larvae 

st  17  d 

%  Surv 

53 
70 

^♦,390 
8,330 

92 

Chironomus  tentans 

larvae 

St  17  d 

%  Surv 

70 
^5 
90 

0 

210 

250 

360 

5,090 

110 

Pontoporeia  affinis 

adult 

sffd 

%  Surv 

63 

0 
4 

1,900 
3,500 
^^,700 

110 

Salmo  gairdneri 

juvenile 

St  2d 

%  Surv 

100* 

17 

70 

1,900 
3,500 
^♦,700 

AET 

112 

Chironomus  tentans 

larvae 

St  if  d 

%  Surv 

53 
25 

IS*^ 
15,100 

92 

Chironomus  tentans 

larvae 

St  17  d 

Gr  mm 

18* 

l^fj* 

11.5 

8J 

9 

77 
^,390 
8,330 
16,it00 
17,300 

AET 

St  17  d 

Gr  mg 

2.9* 

1 

0.6 

0.2 

0.5 

77 
^♦,390 
8,330 
16, 'too 
17,300 

9^^ 

Tubifex  tubifex 

adult 

St  - 

Rep///d 

0.56* 
0.30 
0.2'! 
0.0^ 

210 

250 

360 

5,090 

TABLE  B-3: 


PERTINENT  TOXICITY  DATA  SUPPORTING  AET  FOR  ZINC 


Ref.^    Test  Species 


Stage  Type         Response 


Concentration 
(ug/g) 


9^         Limnodriius 
hoffmeisteri 


9^*         Tubifex  tubifex 


9^*         Limnodriius 
hoffmeisteri 


98         Chironomus  tentans 
101       Chironomus  tentans 


adult  st  -  Rep  ///d 

adult  St  -  Gr  mg/d 

adult  St  -  Gr  mg/d 

larvae  st  -  %  Em 

larvae  st  5  d  96  Av 


0A5* 

210 

0.15 

250 

0 

360 

0 

5,090 

0.13* 

210 

0.10 

250 

0.09 

360 

0.03 

5,090 

0.18* 

210 

0.22* 

250 

0.09 

360 

0.16 

5,090 

itO.5* 

77 

12.7 

17,300 

1.3* 

77 

3 

184 

3A 

4,395 

6.2 

8,330 

20 

11,134 

48 

16,397 

37.1 

17,262 

Reference  numbers  indexed  in  Section  7.3. 

*  Indicates    response    not    significantly    different    from    that    of    control    or    lowest 
concentration. 

Gr     =  growth 

Av    =  avoidance 

Other  abbreviations  as  in  Table  B-1. 


APPENDIX  C 
Species  Screening  Level  Concentrations  and  Plots 


o  SSLC  for  each  species  is  90th  percentile  (P90)  concentration  all  samples  with  that 
species  present. 

o  Each  table  shows  SSLCs  (P90)  for  one  contaminant,  arranged  in  order  of  increasing 
concentration.  P95,  also  shown,  has  some  values  missing  (-9)  due  to  small  sample 
size. 

o  A  corresponding  SLC  plot,  with  the  same  figure  number  as  the  table,  shows  the  rank 
order  of  each  SSLC  against  the  corresponding  SSLC  concentration.  Plot  symbols 
indicate  the  number  of  SSLCs  falling  at  the  same  plot  position.  The  5th  percentile 
of  this  cumulative  distribution  is  the  contaminant  SLC.  (Where  fewer  than  20 
species  are  included,  the  10th  percentile  is  used.) 


TABLE  c-1:  TOC  Nonallzed  species  SLC  Values  for 
AS  ((ug/g  OHOO) 


P90 

P95 
-9.00 

SPNO  SPECIES 

P90 
23.77 

P95 
-9,00 

SPNO  SPECIES 

4.7A 

%.00  Helobdelia.stagnalis 

27.00  Gyraul us. parvus 

7.11 

10.12 

6.00  Aulodrilus.piqueti 

23.84 

-9.00 

73.00  Ouistadrilus.iultisetosus 

7.16 

12.34 

75.00  Specaria.josinae 

24.10 

45.36 

13.00  Cheuiatopsyche.sp. 

9.71 

-9.00 

9.00  Branchiura.so«erbyi 

24.53 

52.34 

3.00  Ainicoia.liiosa 

9.90 

-9.00 

33.00  llyodrllus.teipletonl 

26.29 

57.87 

79.00  Stenoneia.sp. 

10.53 

-9.00 

4.00  Asellus.sp. 

26.39 

107.87 

53.00  Piguetiella.iichiganensis 

10.79 

362.31 

7.00  Aulodrilus.pleurlseta 

26.56 

74.42 

90.00  VejdovsJcyeila.interiedia 

10.89 

13.02 

10.00  Caenls.sp. 

26,69 

43.01 

32.00  Hydroptiia.sp. 

10.95 

82.85 

46.00  Oecetis.sp. 

27,21 

407.89 

87.00  Uncinais.uncinata 

11.06 

-9.00 

59.00  Pisidiui.lilljeborgi 

27.38 

68.62 

25.00  Glossosoia.sp. 

11.^9 

16.25 

85.00  Tublfei.sp. 

28.11 

43.91 

82.00  Stylodrilus.heringianus 

11.57 

32.05 

89.00  Valvata.tricarinata 

28.30 

60.13 

31.00  Hydropsyche.sp. 

11. 6i 

12.31 

35.00  Liinodrilus.sp. 

28.79 

89.32 

11.00  Ceraclea.sp. 

11.74 

17.07 

88.00  Valvata.sincera 

29.50 

-9.00 

72.00  Pseudocleon.sp. 

11.76 

18.93 

34.00  Liinodrilus.hoffieisteri 

30.21 

75.27 

57.00  Pisidiui.falla: 

11.85 

14.00 

70.00  Procladius,sp. 

30.32 

51.71 

52.00  Physella.gyrina 

11.92 

33.88 

16.00  Cladotanytarsus.sp. 

30.51 

56.74 

45.00  Neureclipsis.sp. 

12.03 

-9.00 

39.00  Microtendipes.sp. 

30.51 

80.06 

83.00  Tanytarsus.sp. 

12.24 

-9.00 

21.00  Dicrotendipes.sp. 

32,09 

41.00 

14.00  Chironoius.sp. 

13. 2A 

-9,00 

47.00  Parachironoius.sp. 

32.51 

59.09 

74.00  Slavina. appendicular 

13.27 

52.33 

49.00  Paratendipes.sp. 

32.89 

-9.00 

2.00  Aeolosoia.sp. 

13.33 

15.97 

81.00  Stylaria.lacustris 

35,95 

73.90 

62.00  Pleurocera. acuta 

13. ft'* 

23,84 

50,00  Phaenopsecrra.sp, 

36.49 

-9.00 

55.00  Plsldlui.coipressui 

14.18 

-9.00 

36,00  Liinodrilus.udekeiianus 

37.44 

82.03 

67.00  Potaiothrii.vejdovskyi 

14.78 

36.15 

20.00  Cryptochironoius.sp. 

37,74 

83.39 

37.00  Luibriculus.variegatus 

14.92 

-9.00 

76.00  Sphaeriui.nitidui 

40,11 

90.77 

38.00  Hanayunkia.speciosa 

15.06 

71,61 

30,00  Hyalella.azteca 

49.36 

336.02 

5.00  Aulodrilus.liinobius 

15.51 

23.56 

1,00  Ablabesiyia,sp, 

59,09 

90.90 

77.00  Sphaeriui.striatiui 

15.51 

17.95 

65,00  Pontoporeia,hoyi 

67,74 

91.29 

8.00  Bithynia.tentaculata 

15.88 

32.67 

51.00  Phallodrllus.sp. 

78,75 

129.94 

69.00  Pristina.osborni 

16.06 

-9.00 

93.00  Chironoius.pluiosus 

184.05 

-9.00 

29.00  Heterotrissocladius.sp. 

16.15 

385.06 

60,00  Plsldlui,nltidui 

199.27 

-9.00 

48.00  Paralauterborniella.sp. 

16.52 

17.95 

61.00  Pisidiui.variabile 

291,75 

-9.00 

68.00  Pristina.foreli 

16.77 

89.95 

66.00  Potaiothrii.ioldaviensis 

16.85 

56.02 

58,00  PIsldlui,henslowanui 

16.88 

33.53 

64,00  Polypedilui,sp, 

17.63 

-9.00 

56.00  Pisidiui.conventus 

17.72 

169.31 

12.00  Chaetogaster.diaphanus 

18.03 

47.25 

54.00  Pisidiui.casertanui 

18.27 

39.35 

23,00  Gaiiarus,fasciatus 

18.31 

33.15 

22.00  Eukiefferiella.sp. 

18.40 

35.12 

43.00  Nais. variabilis 

19.53 

-9.00 

63.00  Polypedilui.scalaenm 

20.00 

-9.00 

15.00  Cladopelia.sp. 

20.04 

-9.00 

28.00  Helisoia.anceps 

20.21 

74.16 

42.00  Nais.coMunis 

20.75 

32.12 

84.00  Thieneianniiyia.sp. 

21.12 

45.68 

18.00  Cncotopus.sp. 

21.25 

98.61 

41.00  Nais.behningi 

21.53 

45.36 

86.00  Turbellaria.sp.indet 

22.06 

57.87 

71.00  ProstoBa.rubrui 

22.35 

61.34 

78.00  Spirospersa.ferox 

22.96 

39.17 

44.00  Nanocladius.sp. 

•Pi.::=-i-   y^: 
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FIGURE  C-1:  SLC  PLOT  FOR  ARSENIC 


TABLE  C-2:  to;  Noraaiized  Species  SLC  Values  for 

Cd  ((ug/g  CjHOO) 

P9U 

.80 

SPNO  SPECIES 

P90 
3.18 

P95 
-9.00 

SPNO  SPECIES 

.58 

65.00  Pontoporeia.hoyi 

24,00  Glossiphonia.heteroclita 

.62 

-9.00 

59.00  Pisidiui.lilljeborgi 

3.23 

45.38 

87,00  Uncinais,uncinata 

.83 

-9.00 

17.00  Coelotanypus.sp. 

3.42 

3.94 

70.00  Procladius.sp. 

.  .85 

-9.00 

26.00  Glyptotendipes.sp. 

3.45 

7.58 

82.00  Stylodrilus.heringianus 

,91 

-9,00 

80,00  stici.c>cniron()ius,sp. 

3,48 

-9.00 

36.00  Llinodrllus.udeReiianus 

.95 

-9.00 

76.00  Sphaenui.nitiduj 

3.58 

8.06 

45,00  Neureclipsis,sp, 

.99 

-9.00 

9.00  Branchiura.sowerbyl 

3.60 

7.95 

71,00  Prostoia, rubral 

1.01 

42.67 

60,00  Plsldlui,nitldui 

3,65 

A. 00 

35,00  Llinodrllus,sp, 

1.10 

40.23 

7.00  Aulodnius.pleuriseta 

3.65 

7.36 

64.00  Polypedilui.sp. 

1.13 

1.31 

89.00  Valvata.tncarinata 

3.88 

6.33 

85.00  Tubifei.sp. 

1.25 

2,07 

61.00  Plsldiui,variabiie 

4.30 

7,79 

13.00  Cheuiatopsyche.sp. 

1.33 

1,55 

51,00  Phaliodrilus,sp, 

4.38 

-9,00 

93.00  Chironoius.pluiosus 

1.37 

35.43 

5,00  Aulodrilus,liinobius 

4.71 

6,52 

1.00  Ablabesiyia.sp. 

1.37 

3.84 

90,00  Vejdovslcyella,interiedia 

4.72 

10.38 

32.00  Hydroptila.sp. 

1.39 

4.77 

10,00  Caeni$,sp. 

4.86 

7.11 

50.00  Phaenopsectra.sp. 

1.A2 

-9.00 

47.00  Parachironoius.sp. 

5.13 

9.89 

49.00  Paratendipes.sp. 

1.45 

2.26 

88.00  Valvata.sincera 

5.61 

8.42 

57.00  Pisidiui. fallal 

1.47 

18.80 

12.00  Chaetogaster.diaphanus 

5.75 

-9.00 

73.00  Ouistadrilus.iultisetosus 

1.49 

-9.00 

39.00  Microtendipes.sp. 

5.79 

8.35 

16.00  Cladotanytarsus.sp. 

1.50 

2.21 

20.00  Cryptochironoius.sp. 

5.86 

-9.00 

27.00  Gyraulus. parvus 

1.51 

-9.00 

56.00  Pisidiui.conventus 

5.91 

8.87 

62.00  Pleurocera. acuta 

1.52 

1.76 

81.00  Stylana.lacustris 

6.00 

7.95 

22.00  Eukieffenella.sp. 

i.se 

1.85 

6.00  Aulodrilus.piqueti 

6.12 

-9.00 

2.00  Aeolosoia.sp. 

1.57 

2.45 

14.00  Chironoius.sp. 

6.21 

8.05 

84.00  Thieneianniiyia.sp. 

1.58 

-9.00 

63.00  Polypedilui.scalaenui 

6.32 

8.35 

11.00  Ceraclea.sp. 

1.61 

1.95 

75.00  Specaria.josinae 

6.42 

8.95 

31.00  Hydropsyche.sp. 

1.61 

7.33 

46.00  Oecetis.sp. 

6.42 

8.42 

77.00  Sphaeriui.stnatiui 

1.68 

-9.00 

96.00  Helobdella.stagnalis 

6.94 

8.39 

79.00  Stenoneca.sp. 

1.70 

12.11 

42,00  Nais,couunis 

7.31 

8.11 

41.00  Nais.behningi 

1.76 

2.56 

34,00  Liinodrilus,hoffieisteri 

7.50 

9.54 

53.00  Piguetiella.iichiganensis 

1.77 

-9.00 

28,00  Heiisoia,anceps 

7.52 

-9.00 

72.00  Pseudocleon.sp. 

1.83 

2.56 

8,00  Bithynia,tentacuiata 

8.01 

9.20 

37.00  Luibriculus.variegatus 

1.83 

9.23 

66.00  Potaiothni.ioidavieasis 

8.27 

9.40 

25,00  Glossosoia.sp, 

1.84 

-9  00 

33.00  Ilyodrilus.teipletoni 

8.42 

11.23 

69.00  Pristina.osborni 

1.84 

4.54 

78.00  Splrosperia.feroi 

9.15 

13.79 

18.00  Cricotopus.sp. 

1.86 

8.30 

83,00  Tany tarsus, sp. 

10.74 

17.22 

30.00  Hyalella.azteca 

1.90 

2.35 

3,00  Ainicola,liiosa 

22.08 

-9.00 

29.00  Heterotrissocladius.sp. 

1.91 

3.22 

21.00  Dlcrotendlpes,sp, 

22.08 

-9,00 

48.00  Paralauterborniella.sp. 

1.% 

5,92 

54,00  Pisidiui,casertanuB 

34.05 

-9,00 

68.00  Pristina.foreli 

2.02 

-9.00 

15,00  Cladopelia,sp, 

2.10 

3.06 

58.00  Plsidiui.henslowanui 

2.13 

7.74 

52,00  Physeila,gyrina 

2.13 

8.42 

74.00  Siavina,appendiculata 

2.27 

5.77 

23,00  Gauarus.fasciatus 

2.46 

-9.00 

4,00  Asellus,sp, 

2.52 

5.86 

55.00  Pisidiui.coBpressua 

2.56 

9.37 

43.00  Nais. variabilis 

2.57 

8.51 

38.00  Manayunkia.speciosa 

2.60 

3.52 

92.00  Sphaeriui.siiile 

2.62 

8,78 

67.00  Potaiothrii.vejdovstiyi 

2.70 

7.25 

86.00  Turbellaria.sp.indet 

3.05 

6.59 

44.00  Nanociadius.sp. 

3.13 

-9.00 

91.00  Elliptic. coaplanata 

2.25     k.Tl         !l.;5    15.75    :0.;5    J4.75    2^.25 
n     4.5       5     13.5      19     22.5      27 
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FIGURE  C-2:  SLC  PLOT  FOR  CADMIUM 


TABLE  C-3 

TOC  Norsalized  Species  SLC  values  for 
Cr  ((ug/g  OrlOO) 

P90 

P95 
-9.00 

SPNO  SPECIES 

P90 
98.75 

P95 
165.21 

SPNO  SPECIES 

17.45 

%.00  Helotxlella.stagnalis 

58.00  Pisidiui.henslowanui 

24.25 

-9.00 

4.00  Asellus.sp. 

100.00 

152.38 

78.00  Spirosperia.feroi 

24.46 

-9.00 

17.00  Coelotanypus.sp. 

101.30 

153.02 

74.00  Slavina.appendiculata 

27.82 

-9.00 

59.00  Pisidiui.liUjeborgi 

102.50 

-9.00 

72.00  Pseudocleon.sp. 

40.84 

53.15 

65.00  Pontoporeia.hoyi 

108.53 

■  179.35 

13.00  Cheuiatopsyche.sp. 

41.77 

-9.00 

27.00  Gyraui us. parvus 

108.53 

179.35 

86.00  Turbellaria.sp.indet 

44.82 

-9.00 

56.00  Pisidiui.conventus 

109.35 

1294.29 

5.00  Aulodrilus.linobius 

45.04 

51.81 

35.00  Llinodrlius.sp. 

110.50 

233.30 

25.00  Glossosoia.sp. 

46.11 

-9.00 

47.00  Parachironoius.sp. 

115.00 

247.92 

3.00  Ainicola.liiosa 

48.84 

52.03 

85.00  Tubifei.sp. 

115.36 

236.71 

82.00  Stylodrilus.heringianus 

50.53 

61.00 

10.00  caenls.sp, 

116.21 

-9.00 

55.00  Pisidiui.coipressui 

51.02 

70.46 

61.00  Pisidiui.variabile 

117.50 

149.54 

45.00  Neureclipsis.sp. 

52.17 

75.79 

70.00  Procladius.sp. 

117.50 

192.83 

79.00  Stenoneia.sp. 

52.33 

75.27 

21.00  Dicrotendipes.sp. 

117.50 

179.35 

83.00  Tanytarsus.sp. 

52.52 

-9.00 

9.00  Branch lura.sowerbyi 

118.23 

321.39 

66.00  Potaiothrii.ioldaviensis 

52.97 

-9.00 

76.00  Sphaeriui.nitidui 

119.32 

249.65 

71.00  Prostota.nibrui 

54.76 

-9.00 

80,00  Stlctochlronoius.sp. 

122.00 

252.39 

51.00  Phallodrllus.sp. 

56.69 

-9.00 

33.00  Ilyodrilus.teipletoni 

126.50 

239.12 

11.00  Ceraclea.sp. 

56.% 

-9.00 

93.00  Chironoius.pluiosus 

127.74 

-9.00 

73.00  Ouistadrilus.iultisetosus 

58.64 

158.59 

46.00  Oecetis.sp. 

130.73 

210.00 

18.00  Cricotopus.sp. 

59.81 

680.56 

12.00  Chaetogaster.diaphanus 

136.26 

246.48 

37.00  Luibnculus.variegatus 

60.00 

63.16 

88.00  Valvata.sincera 

141.21 

2S8.33 

57.00  Pisidiui. fallal 

60.37 

74.42 

e.OO  Aulodrllus.plquetl 

141.76 

246,18 

44.00  Nanocladius.sp. 

61.15 

87.50 

50.00  Phaenopsectra.sp. 

141.82 

237.21 

77.00  Sphaeriui.striatiui 

61.90 

79.74 

89.00  Valvata.tricarinata 

146.70 

322.50 

38.00  Manayunkia.speciosa 

62.53 

123.93 

14.00  Chironoius.sp. 

146.70 

322.50 

67.00  Potaiothrii.vejdovskyi 

62.90 

115.56 

34.00  Liinodrilus.hoffieisteri 

148.59 

274.92 

62.00  Pleurocera. acuta 

63.16 

81.37 

75.00  Specaria.josinae 

189.46 

259.78 

41.00  Nais.behningi 

64.96 

-9.00 

28.00  Heiisoia.anceps 

1%.21 

247.14 

31.00  Hydropsyche.sp. 

65.26 

92.76 

20.00  Cryptochironoius.sp. 

205.56 

1643.75 

87.00  Uncinais.uncinata 

68.12 

1454.29 

7.00  Aulodrilus.pieuriseta 

210.19 

-9.00 

2.00  Aeolosoia.sp. 

69.01 

130.48 

1.00  Ablabesiyia.sp. 

261.56 

351.95 

69.00  Pristina.osborni 

69.34 

-9.00 

15.00  Cladopelia.sp. 

642.25 

-9.00 

29.00  Heterotrissocladius.sp. 

70.12 

-9.00 

39.00  Microtendipes.sp. 

794.55 

-9.00 

48.00  Paralauterborniella.sp. 

72  44 

1541,79 

60,00  Plsidiua.nlUdui 

1138,43 

-9.00 

68.00  Prlstlna.forell 

73.33 

-9.00 

63.00  Polypediiui.scalaenui 

77.14 

142.65 

49.00  Paratendipes.sp. 

77.86 

158.81 

43.00  Nals. variabilis 

78.25 

189.58 

90.00  Vejdovskyella.interiedia 

78.33 

80.64 

81.00  Stylaria.lacustns 

78.57 

-9.00 

36.00  Liinodrllus.udekeiianus 

78.61 

129.90 

84.00  Thieneianniayia.sp. 

78.91 

106.43 

64.00  Polyf«dilui.sp. 

80.36 

160.81 

16.00  Cladotanytarsus.sp. 

81.24 

1%.21 

22.00  Eukiefferiella.sp. 

83.55 

228.76 

42.00  Nais.couunis 

84.66 

204.96 

53.00  Piguetlella.iichiganensis 

91.43 

310.91 

8.00  Bithynia.tentaculala 

92.73 

141.85 

52.00  Physelia.gyrina 

93.04 

143.64 

54.00  Pisidiua.casertanuB 

93.50 

167.01 

32.00  Hydroptila.sp. 

97.39 

192.83 

23.00  Gaiiarus.fasciatus 

97.54 

153.74 

30.00  Hyaleilaazteca 

icrr^alizec    Sl 
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FIGURE  C-3:  SLC  PLOT  FOR  CHROMIUM 


TAJLE  C-*:  TOC  Noriahred  Species  5LC  Values  for 
Oj  ((ug/g  OtIOO) 


P95 


19.70 

-9.00 

19.90 

-9.00 

20.08 

-9.00 

21.83 

-9.00 

23.89 

-9.00 

25.50 

-9.00 

25.50 

-9.00 

28,« 

-9.00 

28.89 

37.25 

29.40 

63.54 

29.66 

108.81 

30.03 

34.63 

30.77 

-9.00 

30.77 

36.78 

32.  A9 

-9.00 

32.94 

37.13 

33.67 

430.33 

33.70 

407.11 

33.81 

-9.00 

34.56 

1047.62 

35.00 

38.67 

35.66 

73.36 

35.98 

-9.00 

36.68 

43.37 

37.08 

42.82 

37.67 

40.21 

39.13 

-9.00 

39.59 

56.06 

40.00 

-9.00 

40.46 

45.58 

40.98 

79.23 

41.57 

95.06 

42.53 

401.43 

42.80 

111.14 

43.19 

-9.00 

43.23 

106.45 

43.40 

100.88 

43.59 

95.64 

44.22 

-9.00 

44.54 

90.10 

45.86 

1273.63 

46.01 

230.11 

46.21 

102.10 

46.64 

48.42 

47.79 

112.40 

50.07 

91.53 

52.07 

188.47 

52.38 

-9.00 

54.63 

80.93 

56.77 

-9.00 

56.96 

119.62 

57.14 

110.00 

SPNO  SPECIES 

9.00  Branchiura.sowerby: 
26.00  Glyptotendipes.sp. 
17.00  Coelotanypus.sp. 
39.00  nicrotendipes.sp. 
59.00  Pisidiu*.  Ulljeborgi 

4.00  Asellus.sp. 
96.00  Helobbella.stagnahs 
80.00  StictochironoBus.sp. 
75.00  Specana.josinae 
14,00  Chironosus.sp. 
46.00  Oecetis.sp. 
65.00  Pontoporeia.hoyi 
76.00  Sphaeriua.nitidut 
88.00  Valvata.sincera 
56.00  Pisidiui.conventus 

6.00  Aulodrilus.piqueti 
60.00  PisidiuB.nitidiM 

7.00  Aulodrilus.pleuriseta 
27.00  Gyraulus. parvus 
10.00  Caenis.sp. 
61.00  Pisidiui.vanabile 
20. CXI  OyptochiPonoMS.sp. 
47.00  Parachironosus.sp. 
70.00  Procladius.sp. 
89.00  Valvata.tncannata 
21.00  Dicrotendipes.sp. 
24.00  Slossiphonia.heterochta 
50.00  Phaenopsectra.sp. 
36.00  Lmnodrilus.udel'eitiianus 
81. CC  Stylana.lacustns 
35.00  Lmnodrilus.sp. 

8.00  Bithynia.tentaculata 
32.00  Hgdroptila.sp. 
34.00  LiBnodrilus.hoffteisteri 
91.00  Elliptic. coaplanata 
78.00  Spirospersa. ferox 
52.00  Physella.gyrina 
55.00  PisidiuB.coBipressuB 

15.00  Cladopelina.sp. 
1.00  Ablabesayia.sp. 

85.00  Tubifex.sp. 

12.00  Chaetogaster.diaphanus 

54.00  Pisidiui.casertanu* 

49.00  Paratendipes.sp. 

92.00  Sphaeriua.smle 

51.00  Phallodrilus.sp. 

67.00  Potaitothrix.vejdovskyi 

93.00  Chironc»u5.plu«osus 

58.00  Pisidiui.henslownu* 

33.00  Ilyodrilus.templetoni 

64.00  Polypedilus.sp. 
3.00  Afflnicola.linKJsa 


P90 

P95 

SPNC  SPECIES 

57.46 

188.79 

43.00  Kais. variabilis 

60.11 

400.00 

53.00  Piguetiella.sichiganensis 

61.96 

175.71 

16.00  Cladotanytarsus.sp. 

62.44 

540.00 

42.00  Nais.cowKjnis 

62.86 

107.82 

77.00  Sphaeriu».striatiu» 

63.10 

90.42 

90.00  Vejdovskyella.inter»edia 

65.09 

99.83 

45.00  Neureclipsis.sp. 

66.04 

-9.00 

63.00  Polypedilui.scaiaenui 

70.34 

-9.00 

28.00  Helisoia.anceps 

70.59 

109.09 

30.00  ftjalella.azteca 

71.43 

159.38 

82.00  Stylodrilus.heringianus 

74.38 

106.59 

83.00  Tany tarsus. sp. 

78.96 

451.43 

66.00  Potanothnx.ioldaviensis 

81.91 

143.08 

84.00  Thiene«anni»yia.sp. 

84.97 

173,06 

23,00  GdMiarus.fasciatus 

85.16 

375,71 

5.00  Aulodrilus.litnobius 

85.34 

465.38 

74.00  Slavina.appendiculata 

89.53 

141.88 

13.00  CheuMtopsyche.sp. 

96.70 

407.50 

44.00  Nanocladius.sp. 

97.17 

163.72 

25,00  GlossosoM.sp, 

100.27 

232.45 

86.00  Turbellana.sp.  indet 

102.02 

-9.00 

73.00  Quistadrilus.Bultisetosus 

104.86 

295.71 

11.00  Ceradea.sp. 

104.92 

247.86 

79.00  Stenonesa.sp. 

105.09 

390.71 

38.00  hanayunkia.speciosa 

105.64 

237.96 

57.00  PisidiuB.fallax 

105.84 

197.14 

22.00  Eukieffenella.sp. 

106.75 

247.86 

71. CO  Prostona.rubruffi 

106.78 

480.50 

87.00  Uncinais.uncinata 

108.62 

245.71 

62.00  Pleurocera. acuta 

108.81 

665.71 

18.00  Cricotopus.sp. 

109.08 

-9.00 

2.00  Aeolosoma.sp. 

125.38 

4348.33 

41. CO  Nais.behningi 

132.67 

1514.29 

31.00  Hydropsyche.sp. 

137.18 

-9.00 

72.00  Pseudocleon.sp. 

148.97 

461.43 

69.00  Pristina.osborni 

197.14 

2360.00 

37.00  Lumbriculus.variegatus 

210.00 

-9.00 

29.00  Heterotrissodadius.sp. 

223.18 

-9.00 

48.00  Paralauterborniella.sp. 

311.24 

-9.00 

68.00  Pnstina.foreli 
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FIGURE  C-4: 


seiiffienr  Cl  concent'at'or,  (cg/g  C)  -f  100 
SLC  PLOT  FOR  COPPER 


TABLE  C-5:  TOC  Norialized  Species  5LC  Values  for 
Fe  ((ug/g  OMOO) 


P90 

P95 
-9.00 

SPNO  SPECIE5 

P90 
91791.30 

P95 
229133.3 

SPNO  SPECIES 

8733.33 

26.00  Glyptotendipes.sp. 

51.00  Phallodrilus.sp. 

12552.25 

-9.00 

4.00  Asellus.sp. 

92000.00 

145833.3 

3.00  Ainicoia.liiosa 

13539.09 

-9.00 

%.00  Heiobdella.stagnaiis 

92677.34 

277153.6 

53.00  Piguetielia.iichiganensiE 

175A1.67 

20533.33 

35.00  Liinodrilus.sp. 

93277.31 

229375.0 

58.00  Pisidiui.henslowanui 

19502.96 

-9.00 

17.00  Coelotanypus.sp. 

93554.98 

196483.5 

22.00  Eukiefferieila.sp. 

20200.00 

27529.38 

85.00  Tubifei.sp. 

93694.12 

145927.0 

52.00  Physella.gyrina 

30200.66 

50423.10 

65.00  Ponioporela.hoyl 

94285.71 

231351.3 

8.00  Bithynia.tentaculata 

3310A.21 

-9.00 

59.00  Pisidlui.lllljeborgi 

94303.41 

189065.9 

86.00  Turbellaria.sp.indet 

35818.18 

-9.00 

56.00  Pisidiui.conventus 

94551.09 

281333.3 

71.00  Prostoia.rubrui 

36555.55 

-9.00 

93.00  Chironoius.pluiosus 

98421.05 

195000.0 

79.00  Stenoneia.sp. 

37607.66 

-9.00 

47.00  Parachlronoius.sp. 

99846.49 

243764.0 

42.00  Nais.couunis 

39111.11 

86000.00 

21.00  D i emend  1  pes. sp. 

108150.0 

156300.2 

32.00  Hydroptila.sp. 

40542.98 

-9.00 

27.00  Gyraul us. parvus 

109166.7 

301333.3 

57.00  Pisidiui. fallal 

43214.29 

111383.9 

61.00  Pisidiui.variabile 

111925.5 

1512857 

5.00  Aulodrilus.liinobius 

45625.43 

783404.3 

12.00  Chaetogaster.diaphanus 

112857.1 

220142.9 

13.00  Cheuiatopsyche.sp. 

46317.24 

-9.00 

76.00  Sphaeriui.nitidui 

115384.6 

281282.1 

41.00  Nais.behningi 

46928.52 

65473.68 

10.00  Caenis.sp. 

1186S5.5 

157631.8 

74.00  Slavina.appendiculata 

48016.20 

70957.45 

70.00  Procladius.sp. 

118797.0 

235336.5 

44.00  Nanocladius.sp. 

49804.51 

1690286 

7.00  Aulodrilus.pleuriseta 

119975.5 

-9.00 

72.00  Pseudocleon.sp. 

50239.23 

82500.00 

1.00  Abiabesiyia.sp. 

121428.6 

241071.4 

82.00  Stylodrilus.heringianus 

51283.45 

-9.00 

63.00  Polypedilui.scalaenui 

129283.3 

-9.00 

24.00  Glossiphonia.heterxlita 

52570.53 

71373.01 

88.00  Valvata.sincera 

135801.3 

229904.8 

18.00  Cricotopus.sp. 

54233.77 

141491.3 

49.00  Paratendipes.sp. 

137983.2 

212802.2 

25. CO  Glossosoia.sp. 

55046.38 

1441%. 4 

14.00  Chironoius.sp. 

137983.2 

182688.0 

83.00  Tanytarsus.sp. 

57058.82 

88181.82 

30.00  Hyalella.azteca 

143750.0 

151849.6 

45.00  Neureclipsis.sp. 

59558.82 

-9.00 

9.00  Branchiura.sowerbyi 

144047.6 

248928.6 

62.00  Pleurocera. acuta 

62468.11 

92879.26 

20.00  Cryptochironoius.sp. 

145856.7 

399375.0 

38.00  Hanayunkia.speciosa 

62767,86 

135128.5 

34.00  Liinodrilus.hoffieisteri 

149001.1 

245337.8 

92.00  Sphaenui.siiile 

63851.35 

77724.33 

6.00  Aulodrilus.piqueti 

149711.5 

257333.3 

11.00  Ceraclea.sp. 

64794.27 

95877.66 

50.00  Phaenopsectra.sp. 

159560.4 

238095.2 

37.00  Luibriculus.variegatus 

65162.70 

-9.00 

80.00  Stictochironoius.sp. 

167520.6 

365833.3 

77.00  Sphaeriui.striatiui 

65625.00 

78538.39 

75.00  Specaria.josinae 

1%483.5 

344166.7 

31.00  Hydropsyche.sp. 

66666.66 

-9.00 

36.00  Liinodriius.udekeiianus 

205384.6 

397727.3 

69.00  Pristina.osborni 

67083.34 

110476.2 

16.00  Cladotanytarsus.sp. 

231351.3 

-9.00 

91.00  Elliptio.coiplanata 

69162.23 

-9.00 

33.00  liyodrllus.teipletoni 

306346.2 

-9.00 

2.00  Aeolosoia.sp. 

70799.42 

-9.00 

28.00  Helisoia.anceps 

354260.2 

2014375 

87.00  Uncinais.uncinata 

72330.53 

216844.0 

46.00  Oecetis.sp. 

732247.2 

-9.00 

29.00  Heterotrissocladius.se 

73518.06 

82245.99 

89.00  Valvata.tricarlnata 

916363.6 

-9.00 

48.00  Paralauterborniella.sp. 

74583.34 

-9.00 

73.00  Ouistadrilus.iuitisetosus 

1318427 

-9.00 

68.00  Pristina.foreli 

75624.06 

-9.00 

39.00  Microtendipes.sp. 

77067.91 

149808.7 

55.00  Pisidiui.coipressui 

81454.55 

93094.73 

81.00  Stylaria.lacustris 

81604.61 

-9.00 

15.00  Cladopeiia.sp. 

81627.91 

1797857 

60.00  Pisidiui.nitiduj 

82597.41 

1691%. 2 

43.00  Nais. variabilis 

83137.26 

356486.2 

66.00  Potaiothrii.ioldaviensis 

85093.17 

117142.9 

64.00  Polypedilui.sp. 

86832.30 

148664.0 

84.00  Thieneianniiyia.sp. 

88544.89 

211823.3 

90.00  Vejdovskyella.interiedia 

90114.29 

189391.9 

78.00  Spirosperia.feroz 

91428.57 

290730.3 

67.00  Potaiothrii.vejdovskyi 

91443.48 

217857.1 

23.00  GaBaarus.fasciatus 

91443.48 

145973.8 

54.00  Pisidiui.casertanui 

io.jC'CD     3o-j::Oc     5oc::oj     7oo;oc     ?cdogc     iicooao    ijOodoo    iso&joc. 
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FIGURE  C-5:  SLC  PLOT  FOR  IRON 


TAELE  C-6:  TOC  Nortalized  Species  5LC  Values  for 
Pb  ((ug/g  OVIOO) 


P90 

P95 

SPNO  SPECIES 

22.21 

-9.00 

9.00  Branchiura.50<»erbyi 

24.21 

-9.00 

59.00  Pisidiun.  hlljeborgi 

29.16 

-9.00 

76.00  Sphaeriut.nitidui 

29.23 

-9.00 

17.00  Coelotanypus.sp. 

29.43 

37.35 

65.00  Pontoporeia.hoyi 

32.84 

-9.0C 

80.00  Stictochironosus.sp. 

38.16 

-9.00 

26.00  Slyptotendipes.sp. 

41.50 

-9.00 

56.00  Pisidiui.conventus 

42.96 

-9.00 

63.00  Polypedilui.scalaemiB 

58.  B8 

-9.00 

28.00  Helisow.anceps 

59.58 

63.56 

21.00  Dicrotendipes.sp. 

60.35 

-9.00 

91.00  ElIiptio.cMplanata 

60.74 

-9.00 

4.00  Asellus.sp. 

60.74 

-9.00 

96.00  Helobdella.stagnahs 

61.36 

73.99 

10.00  Caenis.sp. 

61.91 

80.42 

35.00  Litnodrilus.sp. 

62.12 

-9.00 

24.00  Slossiphonia.heterodita 

63.46 

86.01 

14.00  ChironoKis.sp. 

63.54 

152.79 

85.00  Tubifex.sp. 

63.71 

101.17 

70.00  Procladius.sp. 

68.34 

91.06 

20.00  CryptochironoBus.sp. 

68.66 

1711.40 

60.00  Pisidiui.nitidui 

69.03 

206.86 

1.00  Ablabesayia.sp. 

70.24 

382.43 

42.00  Kais.coaBunis 

71.46 

90.69 

89.00  Valvata.tricarinata 

71.50 

157.35 

84.00  Thiene«nni«yia.5p. 

72.97 

90.67 

49.00  Paratendipes.sp. 

73.10 

-9.00 

47. (XI  Parachiponosus.sp. 

73.34 

157.39 

53.00  Piguetiella.tichiganensis 

74.05 

-9.00 

27.00  6ypaulus. parvus 

76.00 

169.23 

83.00  Tanytarsus.sp. 

77.46 

140.31 

46.00  Oecetis.sp. 

77.80 

89.08 

^.00  Valvata.sincera 

77.83 

154.02 

81.00  Stylaria.lacustris 

77.87 

148.87 

64.00  Polypedilua.sp. 

76.26 

233.00 

75.00  Specaria.josinae 

80.34 

200.03 

45.00  Neurechpsis.sp. 

80.65 

328.21 

6.00  Aulodrilus.piqueti 

81.24 

95.24 

61.00  Pisidiui.vanabile 

83.03 

121.33 

SfOO  Bithynia.tentaculata 

83.86 

-9.00 

39.00  Hicrotendipes.sp. 

84.92 

157.16 

34.00  Lunodrilus.hoffieisteri 

85.38 

226.50 

50.00  Phaenopsectra.sp. 

87.36 

124.76 

66.00  PotaKthrix.ioldaviensis 

89.95 

325.19 

55.00  PisidiuJi.coapressui 

96.57 

-9.00 

93.00  Chironosus. plu»osu5 

97.38 

262.27 

67.00  Potaftothrix.vejdovskyi 

98.22 

243.60 

54.00  Pisidiun.casertanui 

100.04 

-9.00 

72.00  Pseudocleon.sp. 

100.08 

308.42 

32.00  Hydroptila.sp. 

103.60 

600.33 

92.00  Sphaenuffi. smile 

104.59 

300.66 

43.00  Nais. variabilis 

106.84 

16^.90 

74.00  Slavina.appendiculata 

P90 

P95 

SPNO  SPECIES 

107.83 

194.73 

23.00  6aii»aru5.fasciatus 

109.58 

163.92 

82.00  Stylodrilus.henngianus 

111.01 

-9.00 

33.00  Ilyodriius.te«pleton; 

111.33 

154.02 

52.00  Physella.gynna 

111.57 

226.50 

90.00  Veejdovskyella.inter»edi= 

114.10 

237.08 

78.00  Spirosperiw.ferox 

123.81 

-9.00 

36.00  Liinodrilus.udekenianus 

125.00 

163.04 

3.00  Ainicola.hiosa 

127.73 

-9.00 

73.00  Qui5tadrilus.»ultisetosu= 

128.09 

200.43 

86.00  Turbellaria.sp.inOet 

128.61 

699.38 

58.00  Pisidiu«.henslo«»anu» 

131.66 

202.46 

16.00  Cladotanytarsus.sp. 

136.57 

189.03 

11.00  Ceraclea.sp. 

137.03 

943.48 

12.00  Chaetogaster.diaphanus 

137.84 

341.78 

57.00  Pisidiui.fallax 

137.84 

400.61 

77.00  Sphaeriu«.striatiu« 

140.38 

406.23 

62.00  Pleupocera. acuta 

140.74 

249.17 

79.00  Stencmew.sp. 

141.10 

372.53 

71.00  Prostona.rubrui 

141.65 

348.80 

44.00  Nanocladius.sp. 

145.48 

371.90 

13.00  Cheuwtopsyche.sp. 

152.94 

228.92 

22.00  Eukieffenella.sp. 

152.94 

228.41 

30.00  Hyalella.azteca 

156.49 

220.95 

37.00  Lu»briculus.variegatus 

161.85 

291. oO 

25.00  Glossosofta.sp. 

162.44 

290.39 

18.00  Cricotopus.sp. 

173.46 

257.41 

41.00  Nais.behningi 

176.47 

685.46 

38.00  Hanayunkia.speciosa 

228.92 

474.64 

31.00  Hydropsyche.sp. 

252.51 

362.98 

51. CC  Phallodrilus.sp. 

261.32 

1674.92 

7.00  Aulodrilus.pleuriseta 

263.11 

519.35 

69.00  Pristina.osborni 

305.02 

-9.00 

15.00  Cladopelaa.sp. 

316.01 

1563.64 

5.00  Aulodrilus.liiinobius 

627.47 

-9.00 

29.00  Heterotnssocladius.sp. 

750.68 

-9.00 

2.00  Aeolosoea.sp. 

887.50 

-9.00 

87.00  yncinais.uncinata 

1024.75 

-9.00 

48.00  Paralauterborniella.?p. 

1318.92 

-9.00 

68.00  Pristina.foreli 

100+ 
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TABLE  C-7:  IOC  Norialized  Species  SIC  Values  for 
Mn  ((ug/g  OflOO) 


P90 

P95 
303.89 

SPNO  SPECIES 

265.54 

70.00  Procladius.sp. 

289.33 

359.68 

35.00  Liinodrilus.sp. 

291.17 

475.77 

85.00  Tubifei.sp. 

323.05 

9S8.57 

23.00  Gaiiarus.fasclatus 

335.50 

361.66 

64.00  Polypedilui.sp. 

359.56 

-9.00 

46.00  Oecetis.sp. 

362. « 

-9.00 

4.00  Asellus.sp. 

m.ki 

-9.00 

%.00  Helobdella.stagnalis 

367.50 

-9.00 

9.00  Branch iura.souerbyi 

480.09 

-9.00 

20.00  Cryptxhironoius.sp. 

4S1.78 

-9.00 

93.00  Chlronoius.pluiosus 

615.92 

1088.82 

14.00  Chironoius.sp. 

5465.24 

6636.36 

30.00  Hyalella.azteca 

6636.36 

-9.00 

18.00  Cricotopus.sp. 
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FIGURE  C-7:  SLC  PLOT  FOR  MANGANESE 


TABLE  C-8:  TOC  Noraalized  Species  SLC  Values  for 
H|  ((ug/g  OHOO) 


>30 

P95 
-9.00 

SPNO  SPECIES 

P90 
.70 

^5 

SPNO  SPECIES 

07 

63.00  Polypedilui.scalaenui 

1.31 

86.00  Turbellana.sp.indet 

10 

-9.00 

56.00  Pisidiui.conventus 

.72 

% 

51.00  Phallodnlus.sp. 

11 

-9.00 

91.00  Elliptic. coiplanata 

.74 

9 

20 

75.00  Specaria.josinae 

11 

.31 

92.00  Sphaenui.siiile 

.74 

1 

10 

88.00  Vaivata.sincera 

12 

.13 

65.00  Pontoporeia.hoyi 

.74 

-9 

00 

2.00  Aeoiosoia.sp. 

12 

-9.00 

93.00  Chironoius.pluiosus 

.75 

1 

49 

62.00  Pleurocera. acuta 

13 

-9.00 

9.00  Branchiura.sowerbyi 

.79 

1 

56 

16.00  Cladotanytarsus.sp. 

19 

-9.00 

59.00  Pisidiui.lilljeborgi 

.79 

-9 

00 

72.00  Pseudocleon.sp. 

19 

-9.00 

26.00  Glyptotendipes.sp. 

.81 

1 

31 

37.00  Luibriculus.variegatus 

23 

.38 

61.00  Pisidiui.variabile 

.82 

1 

55 

43.00  Nais. variabilis 

25 

-9.00 

76.00  Sphaeriui.nitidui 

.88 

1 

25 

3.00  Ainicola.liiosa 

26 

.43 

85.00  lubifei.sp. 

.88 

-9 

00 

87.00  Uncinais.uncinata 

27 

.57 

84.00  Thieneianniiyia.sp. 

.90 

13 

00 

7.00  Aulodrilus.pleuriseta 

35 

.38 

35.00  Liinodrilus.sp. 

.90 

2 

45 

57.00  Pisidiui. fallal 

38 

.57 

22.00  Eukieffenella.sp. 

.90 

1 

58 

77.00  Sphaeriui.striatiui 

39 

.46 

30.00  Hyalelia.azteca 

.94 

1 

30 

44.00  Nanocladius.sp. 

41 

1.11 

52.00  Physeila.gyrina 

.95 

7 

71 

6.00  Aulodriius.piqueti 

kU 

1.47 

45.00  Neureclipsis.sp. 

.96 

-9 

00 

73.00  Ouistadrilus.iultisetosus 

i*l 

-9.00 

27.00  Gyraul us. parvus 

.97 

-9 

00 

28.00  Helisoia.anceps 

48 

6.08 

12.00  Chaetogaster.diaphanus 

1.01 

11 

63 

5.00  Aulodrilus.liinobius 

49 

.69 

58.00  Pisidiui.henslowanuj 

1.10 

-9 

00 

47.00  Parachironoius.sp. 

49 

2.07 

90.00  Vejdovsltyella.interiedia 

1.20 

2 

76 

69.00  Pristina.osborni 

50 

13.68 

60.00  Plsldiui.nitldui 

1.21 

3 

78 

38.00  ManayunXia.speciosa 

50 

1.63 

49.00  Para tend  1  pes. sp. 

1.26 

4 

04 

32.00  Hydroptila.sp. 

50 

.87 

70.00  Procladius.sp. 

1.29 

4 

06 

66.00  Potaiothrii.ioldaviensis 

51 

.63 

41.00  Nais.behningi 

1.30 

-9 

00 

4.00  Asellus.sp. 

51 

2.51 

8.00  Bithynia.tentaculata 

1.36 

6 

40 

74.00  Slavina.appendiculata 

51 

.93 

55.00  Pisidiui.coipressui 

1.45 

3 

71 

67.00  Potaiothrn.vejdovskyi 

51 

.71 

64.00  Polypedilui.sp. 

2.04 

-9 

00 

96.00  Helobdella.stagnalis 

51 

1.25 

25.00  Glossosoia.sp. 

2.87 

-9 

00 

15.00  Cladopelia.sp. 

52 

.59 

50.00  Phaenopsectra.sp. 

3.36 

14 

88 

21.00  Dicrotendipes.sp. 

52 

2.72 

46.00  Oecetis.sp. 

3.40 

-9 

00 

39.00  dicrotendipes.sp. 

55 

1.17 

20.00  Cryptochironoius.sp. 

3.56 

-9 

00 

24.00  Glossiphonia.heterociita 

55 

.82 

82.00  Stylodnlus.heringianus 

3.90 

-9 

00 

80.00  Stictochironoius.sp. 

56 

1.10 

79.00  Stenoneia.sp. 

4.33 

-9 

00 

36.00  Liinodrilus.udekesianus 

56 

1.20 

89.00  Valvata.tricannata 

5.98 

-9 

00 

29.00  Heterotrissocladius.sp. 

57 

.% 

31.00  Hydropsyche.sp. 

7.71 

-9 

00 

33.00  Ilyodrilus.teipletoni 

57 

1.24 

78.00  Spirosperia.feroi 

8.17 

-9 

00 

48.00  Paralauterborniella.sp. 

58 

-9.00 

17.00  Coelotanypus.sp. 

10.27 

-9 

00 

68.00  Pristina.foreli 

59 

1.09 

54.00  Pisidiui.casertanui 

59 

1.25 

11.00  Ceraclea.sp. 

61 

1.04 

13.00  Cheuiatopsyche.sp. 

61 

1.26 

14.00  Chironoius.sp. 

62 

1.14 

10.00  Caenis.sp. 

62 

1.16 

23.00  Gauarus.fasciatus 

63 

1.45 

18.00  Cricotopus.sp. 

65 

1.87 

1.00  Ablabesiyia.sp. 

65 

2.40 

42.00  Nais.coisunis 

66 

1.06 

71.00  Prostoia.rubrui 

68 

1.43 

83.00  Tanytarsus.sp. 

69 

1.21 

34.00  Limodrilus.hoffieisten 

69 

1.00 

81.00  Stylaria.lacustris 

70 

12.42 

53.00  Piguetiella.iichiganensis 
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FIGURE  C-i:  SLC  PLOT  FOR  MERCURY 


TABLE  C-9:  TOO  Norialized  Species  SLC  Values  for 
Ni  ((ug/g  OHOO) 


P90 

P95 
-9.00 

SPNO  SPECIES 

P90 
78.12 

P95 
144.42 

SPNO  SPECIES 

15.91 

59.00  Pisidlm.lllljeborgi 

90.00  Vejdovskyella.interiedia 

20.42 

-9.00 

17.00  Coeiolanypus.sp. 

79.79 

99.62 

25.00  Glossosoia.sp. 

21.58 

-9.00 

47.00  Parachironoius.sp. 

82.35 

842.00 

5.00  Auiodrilus. iiinobius 

22.00 

-9.00 

56.00  Pisidiui.conventus 

82.92 

256.36 

57.00  Pisidiui. fallal 

23.97 

53.01 

35.00  Llinodrilus.sp. 

82.94 

163.13 

32.00  Hydroptila.sp. 

24.40 

31.08 

61.00  Pisidiui.variabile 

82.94 

115.92 

43.00  Nais. variabilis 

26.30 

61.63 

85.00  Tubifei.sp. 

83.45 

1001.00 

60.00  Pisidiui. nitidui 

27.43 

105.47 

65.00  Pontoporeia.hoyi 

83.80 

124.72 

82.00  Stylodrilus.heringianus 

29.02 

-9.00 

80.00  Stictochironoius.sp. 

84.83 

150.00 

67.00  Potaiothrii.vejdovsi^yi 

35.40 

-9.00 

28.00  Helisoia.anceps 

86.64 

442.50 

31.00  Hydropsyche.sp. 

37.90 

200.15 

75.00  Specana.josinae 

86.67 

172.73 

8.00  Bithynia.tentaculata 

37.93 

339.68 

21.00  Dicrotendipes.sp. 

86.81 

141.51 

62.00  Pleurocera. acuta 

37.99 

44.08 

70.00  Prociadius.sp. 

87.58 

-9.00 

39.00  Microtendipes.sp. 

38.20 

-9.00 

63.00  Polypedilui.scalaenui 

88.20 

261.82 

77.00  Sphaeriui.striatiui 

38.26 

-9.00 

27.00  Gyrauius. parvus 

88.64 

176.67 

74.00  Slavina.appendiculata 

38.76 

185.13 

46.00  Oecetis.sp. 

90.67 

-9.00 

72.00  Pseudocleon.sp. 

39.42 

43.85 

10.00  Caenis.sp. 

91.57 

341.67 

53.00  Piguetiella.iichiganensis 

39.45 

169.36 

66.00  Potaiothrii.ioldaviensis 

94.62 

230.00 

41.00  Nais.behningi 

39.80 

169.06 

6.00  Auiodrilus. piquet! 

94.62 

104.38 

45.00  Neureclipsis.sp. 

41.09 

116.88 

34.00  Liinodrilus.hoffieisteri 

95.39 

140.00 

37.00  Luibriculus.vanegatus 

41.45 

-9.00 

76.00  Sphaenui.nitidui 

95.39 

163.33 

83.00  Tanytarsus.sp. 

42.08 

75.27 

50.00  Phaenopsectra.sp. 

%.15 

328.13 

44.00  Nanocladius.sp. 

42.68 

486.92 

12.00  Chaetogaster.diaphanus 

100.00 

-9.00 

36.00  Liinodrilus.udekeaianus 

42.75 

63.65 

1.00  Ablabesiyia.sp. 

100.00 

525.91 

38.00  Kanayunkia.speciosa 

42.% 

936.95 

7.00  Auiodrilus. pieuriseta 

113.00 

223.64 

18.00  Cricotopus.sp. 

42,96 

53.09 

89.00  Valvata.tncarinata 

118.11 

283.64 

69.00  Pristina.osborni 

43.09 

67.41 

20.00  Cryptochironoius.sp. 

118.17 

-9.00 

93.00  Chironoius.pluiosus 

44.83 

47.37 

88.00  Valvata.sincera 

151.81 

-9.00 

15.00  Cladopelia.sp. 

47.02 

81.35 

49.00  Paratendipes.sp. 

169.06 

-9.00 

33.00  Ilyodrilus.teapletoni 

51.30 

86.64 

22.00  Eukieffenella.sp. 

243.85 

282.27 

30.00  Hyalella.azteca 

52.82 

120.00 

16.00  Cladotanytarsus.sp. 

418.00 

-9.00 

29.00  Heterotrissocladius.sp. 

54.07 

-9.00 

9.00  Branchiura.sowerbyi 

578.54 

-9.00 

48.00  Paralauterborniella.sp. 

55.27 

180.71 

42.00  Nais.couunis 

644.42 

-9.00 

2.00  Aeolosoia.sp. 

56.97 

114.69 

54.00  Pisidiui.casertanui 

729.26 

-9.00 

68.00  Pristina.foreli 

57.05 

-9.00 

4.00  Asellus.sp. 

1012.50 

-9.00 

87.00  Uncinais.uncinata 

57.05 

82.35 

81.00  Stylaria.lacustris 

57.05 

-9.00 

%.00  Helobdella.stagnalis 

59.36 

97.31 

84.00  Thienesarmiiyia.sp. 

59.87 

-9.00 

73.00  OuistadriluE.iuitisetosus 

59.89 

89.66 

64.00  Polypedilui.sp. 

61.82 

83.09 

52.00  Physella.gyrina 

63.03 

150.78 

71.00  Prostoia.rubrua 

63.81 

95.59 

51.00  Phallodrilus.sp. 

66.67 

129.17 

78.00  Spirosperia.ferox 

67.78 

-9.00 

55.00  Pisidiui.coipressui 

68.03 

97.47 

14.00  Chironoius.sp. 

69.02 

147.69 

3.00  Ainicola.liiosa 

69.41 

110.21 

23.00  Gaaaarus.i'asciatus 

71.82 

132.25 

11.00  Ceraclea.sp. 

71.91 

104.38 

86  00  Turbeliana.sp  indet 

72.50 

105.21 

79.00  Stenoneaa.sp. 

74.56 

510.63 

58.00  Pisidiui.henslouanuB 

77.36 

10-..  38 

13.00  Cheuiatopsycnesp 
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FIGURE  C-9:  SLC  PLOT  FOR  NICKEL 


TABLE  C-10:  TOC  Norialized  Species  SLC  Values  for 
Zn  ((ug/g  OtIOO) 


P90 

P95 
-9.00 

SPNO  SPECIES 

P90 
475.13 

P95 
1147.79 

SPNO  SPECIES 

67.15 

26.00  Glyptotendipes.sp. 

54.00  Pisidiui.casertanui 

106.36 

-9.00 

17.00  Coelotanypus.sp. 

476.19 

-9.00 

36.00  Liinodrilus.udekeaianus 

127.95 

-9.00 

59.00  PisidiuB.hlljeborgi 

482.20 

1572.05 

16.00  Cladotanytarsus.sp. 

139.70 

-9.00 

56.00  Pisidiui.conventus 

494.92 

1072.50 

38.00  Nanayunkia.speciosa 

Hl.Al 

179.68 

65.00  Pontoporeia.hoyi 

514.04 

-9.00 

39.00  Microtendipes.sp. 

156.61 

-9.00 

63.00  Polypediiui.scalaenui 

525.80 

1503.79 

32.00  Hydroptila.sp. 

164. 4A 

240.18 

61.00  PisidiuB.vanabile 

525.80 

1241.43 

43.00  Hais. variabilis 

165.11 

-9.00 

24.00  eiossiptronia.heteroclita 

551.52 

1295.71 

86.00  Turtwllaria.sp.indet 

165.87 

-9.00 

76.00  Sphaeniu.nitidua 

568.57 

1075.96 

44,00  Nanocladius.sp. 

175.07 

278.83 

85.00  Tubifex.sp. 

570.12 

806.15 

74.00  Slavina.appendiculata 

176.36 

494.87 

35.00  Liinodrilus.sp. 

603.43 

1157.89 

49.00  Paratendipes.sp. 

1B3.95 

196.07 

92.00  Sphaeriua.sitile 

632.01 

1695.67 

67.00  Potaaothnx.vejdovskyi 

185.82 

-9.00 

80.00  Stictochirono^is.sp. 

637.59 

1320.39 

45.00  Meuredipsis.sp. 

189.06 

415.24 

1.00  Ablabesayia.sp. 

656.49 

1890.28 

46. GO  Oecetis.sp. 

19A.9e 

-9.00 

91.00  Elliptic. coaplanata 

823.53 

1272.73 

30.00  Hyalella.azteca 

196.21 

475.17 

70.00  Procladius.sp. 

853.57 

1392.86 

82.00  Stylodrilus.heringianus 

198.16 

3618.16 

12.00  Chaetogaster.diaphanus 

886.88 

1698.33 

71.00  ProstoM.rubnui 

244.14 

396.25 

34.00  Litnodrilus.hoftieisteri 

1031.27 

2663.00 

53.00  Piguetiella.iichiganensis 

244.87 

-9.00 

47.00  Paradiironoaus.sp. 

1050.00 

-9.00 

87.00  Uncinais.uncinata 

268.30 

8375.35 

60.00  Pisidiui.nitidua 

1058.18 

1887.62 

57.00  Pisidiui.fallax 

268.46 

-9.00 

4.00  Asellus.sp. 

10G1.15 

1546.91 

13.00  CheuMtopsyche.sp. 

268.46 

-9.00 

96.00  Helobdella.stagnalis 

1109.87 

1887.62 

77.00  Sphaeriui.stnatiua 

268.77 

461.65 

55.00  Pisidiui.coapressui 

1112.31 

-9.00 

2.00  AeolosoM.sp. 

270.18 

444.21 

88.00  Valvata.sincera 

1116.08 

2205.21 

62.00  Pleurocera. acuta 

273.16 

-9.00 

9.00  Branchiura.so«#epbyi 

1166.59 

1303.81 

31.00  Hydropsyche.sp. 

293.34 

-9.00 

28.00  HehsoM.anceps 

1179.34 

1736.19 

22.00  Eukiefferiella.sp. 

295.68 

528.87 

8.00  Bithynia.tentaculata 

1194.29 

2194.16 

11.00  Ceradea.sp. 

296.02 

385.00 

81.00  Stylana.lacustris 

1245.71 

2216.26 

79.00  Stenoneta.sp. 

297.19 

380.00 

50.00  Phaenopsectra.sp. 

1247.91 

1639.83 

18.00  Cricotopus.sp. 

297.76 

394.29 

89.00  Valvata.tricannata 

1260.00 

2238.36 

84.00  Thienemanninyia.sp. 

298.41 

7914.29 

7.00  Aulodrilus.pleuriseta 

1336.19 

2375.42 

37.00  Luibriculus.variegatus 

298.90 

532.23 

78.00  Spirospena.fepox 

1349.19 

-9.00 

27.00  Syraul us. parvus 

301.05 

1022.26 

10.00  Caenis.sp. 

1384.76 

2737.06 

69.00  Pristina.osborni 

308.32 

463.08 

21.00  Dicrotendipes.sp. 

1417.14 

2260.47 

25.00  GlossosoBa.sp. 

333.45 

787.27 

90.00  Vejbovskyel la. intermedia 

1660.48 

2238.36 

41.00  Nais.behningi 

353.17 

750.94 

58.00  Pisidiua.henslowanui 

2542.33 

-9.00 

72.00  Pseudodeon.sp. 

355.20 

553.16 

20.00  Cryptochiponotus.sp. 

3400.00 

-9.00 

29.00  Heterotrissocladius.sp. 

357.35 

641.78 

14.00  ChironoBus.sp. 

5234.29 

-9.00 

48.00  Paralauterborniella.sp. 

371.43 

477.70 

75.00  Specana.josinae 

6131.69 

-9.00 

68.00  Pristina.foreli 

373.68 

476.94 

6.00  Aulo*ilus. piquet  1 

395.00 

1220.00 

64.00  Polypedilui.sp. 

400.00 

480.00 

3.00  Aanicola.liiosa 

400.00 

1153.85 

83.00  Tany tarsus. sp. 

402.19 

470.50 

51.00  Phallodrilus.sp. 

407.62 

-9.00 

73.00  Quistadrilus.iultisetosus 

408.15 

-9.00 

15.00  Cladopelna.sp. 

413.65 

-9.00 

33.00  Ilyodrilus.tetpletoni 

422.92 

2640.94 

42.00  Kais.coftdunis 

428.74 

7057.14 

5.00  Aulodrilus.liinobius 

435.71 

998.57 

66.00  PotaiMthrix.iioldaviensis 

444.73 

-9.00 

93.00  Chirono»js.plu»osus 

464.00 

1639.05 

52.00  Phusella.gyrina 

474.37 

1157.03 

23.00  Saiwwrus.fasciatus 
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TABLE  C-11:  TOC  Normalized  Species  Si.C  Values  for 
Heptachlor  ((ug/g  OrlOO) 


P9C 

P95 

SPNO  SPECIES 

002 

.01 

65.00  Pontoporeia.hoyi 

002 

-9.00 

66.00  PotaMthrix.KiltJdvienBis 

002 

-9.0C 

70.00  Procladius.sp. 

003 

-9.00 

20.  CO  Cryptochironoaus.sp. 

003 

-9.00 

A3. 00  Nais. variabilis 

003 

-9.00 

53.00  Piquetiella.iichiganensis 

003 

-9.00 

58.00  Pisidiui.henslowma 

003 

-9.00 

78.00  Spirosperia.ferox 

0C3 

-9.00 

87.00  Uncinais.uncinata 

003 

.01 

90.00  Vejdovskyel la. intermedia 

004 

-9.00 

23.00  GanMrus.fasciatus 

OOA 

.01 

5A.00  PisidiuB.casertanui 

OOA 

-9.0] 

59.00  Pisidiiii.lilljeborgi 

004 

-9.00 

63.00  Polypedilu».5calaenuB 

OOA 

-9.00 

76.00  Sphaenua.nitidu* 

OOA 

-9.00 

82.00  Stylodrilus.heringianus 

OOA 

.01 

83.00  Tany tarsus. sp. 

005 

-9.00 

12.00  Chaetogaster.diaphanus 

005 

-9.00 

3A.00  Liinodrilus.hoffieisteri 

005 

-9.00 

56.00  Pisidiui.conventus 

005 

-9.00 

61.00  Pisidiue.variabile 

005 

-9.00 

67.00  Potaaothnx.vejdovskyi 

005 

-9.00 

88.00  Valvata.sincera 
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FIGURE  C-1 1:        SLC  PLOT  FOR  HEPTACHLOR 


TABLE  C-12:  TOC  Neutralized  Species  SLC  Values  for 
EmJriTi  ((ug/g  OtIOO) 


P90 

P95 
-9.00 

SfW  SPECIES 

002 

96.00  Helobbeila.stagnahs 

005 

.02 

35.00  Liinodrilus.sp. 

006 

-9.00 

8.00  Bitnynia.tentaailata 

006 

-9.00 

46.00  Oecetis.sp. 

CX36 

.03 

85.00  Tubifex.sp. 

008 

.03 

70.00  Procladius.sD. 

019 

-9.00 

1.00  Ablabesayia.sp. 

02* 

.06 

14.00  ChironoBus.sp. 

035 

-9,00 

39.00  Nicrotendipes.sp. 

0A6 

-9.00 

89.00  Valvata.tricarinata 

049 

.06 

20.00  CryptochironoKJS.sp. 

049 

-9.00 

50,00  Phaenopsectra.sp, 

051 

-9.00 

3.00  Adnicola.liiosa 

051 

-9.00 

75.00  Specaria.josinae 

057 

.14 

23.00  SaBBwrus.  fasciatus 

059 

.27 

64.00  Polypediluis.sp. 

069 

-9.00 

78,00  Spiro5per»a,ferox 

080 

-9.00 

4,00  A5ellu5,sp. 

119 

-9.00 

71,00  Prostoia.rubru* 

140 

-9.00 

38,00  nanayunkia.speciosa 

190 

-9.00 

82,00  Stylodrilu5,heringianus 

206 

-9.00 

83,00  Tanytar5U5,5p. 

240 

.35 

54,00  Pisidiua.casertanuii 

262 

-9.00 

43,00  Nais, variabilis 

304 

-9.00 

13,00  Cheu*atopsyche.sp, 

314 

-9.00 

62,00  Pleurocera. acuta 

342 

-9.00 

86,00  Turbellaria,5p, inbet 

.0125  .C'.t;?:  .i::5         .1575         .IGl:  .■■-'75         .2^:5 

u  .045  .29  .:3:  .1?  .225  .27 

seG-.men:  Endnn  cc^cert-atio-  (ug/g  C)  t  100 
FIGURE  C-12:        SLC  PLOT  FOR  ENDRIN 


TABLE  C-13:  TOC  Norialized  Species  SLC  Values  for 
Mirei  ((ug/g  OVIOO) 


P90 


P95 

SPNO  SPECIES 

9 

00 

96.00  Helobdella.stagnalis 

9 

00 

39.00  Hicrotendipes.sp. 

9 

00 

76.00  Sphaeriui.nitidui 

9 

00 

58.00  Pisidiui.henslowanui 

9 

00 

60.00  Pisidiui.nitidui 

01 

65.00  Pontoporeia.hoyi 

9 

00 

66.00  Potaiothrii.ioldaviensis 

9 

00 

52.00  Physella.gyrina 

9 

00 

87.00  Uncinais.uncinata 

0^ 

90.00  Vejdovs)cyella.interiedia 

9 

00 

56.00  Pisidlui.conventus 

9 

00 

63.00  Polypedilui.scalaenui 

08 

67.00  Potaiothrii.vejdovskyi 

03 

35.00  Liinodrilus.sp. 

9 

00 

61.00  Pisidiui.vanabile 

9 

00 

46.00  Oecetis.sp. 

09 

85.00  Tubifei.sp. 

9 

00 

8.00  Bithynia.tentaculata 

0^ 

82.00  Stylodrilus.heringianus 

36 

53.00  Plguetiella.iichiganensis 

23 

70.00  Procladius.sp. 

15 

54.00  Pisidim.casertanui 

78 

18.00  Cricotopus.sp. 

9 

00 

59.00  Pisidiui.lilljeborgi 

29 

78.00  Spirosperia.feroi 

92 

20.00  CryptxhironoBus.sp. 

-9 

00 

50.00  Phaenopsectra.sp. 

85 

14.00  Chironoius.sp. 

-9 

00 

38.00  ManayvinXia.speciosa 

S-i 

64.00  Polypedilui.sp. 

-9 

00 

4.00  Asellus.sp. 

-9 

00 

30.00  Hyalella.azteca 

51 

23.00  Gauarus.fasciatus 

-9 

00 

12.00  Chaetogaster.diaphanus 

1 

OA 

83.00  Tanytarsus.sp. 

48 

71.00  Prostoia.rubriu 

-9 

00 

1.00  Abiabesiyia.sp. 

-9 

00 

88.00  Valvata.sincera 

-9 

00 

84.00  Thieneaanniiyia.sp. 

69 

43.00  Nais. variabilis 

79 

89.00  valvata.tricarinata 

-9 

00 

7.00  Aulodrilus.pleuriseta 

1 

.13 

34.00  Liinodrilus.hoffieisteri 

-9 

.00 

3.00  Ainicola.liiosa 

-9 

.00 

21.00  Dicrotendipes.sp. 

1 

42 

81.00  Styiaria.lacustris 

-9 

.00 

75.00  Specaria.josinae 

-9 

.00 

47.00  Parachironoius.sp. 

-9 

,00 

74,00  Slavina.appendiculata 

-9 

,00 

6.00  Aulodrilus.piqueti 

-9 

.00 

13.00  Cheuaatopsyche.sp. 

K  "■' 


5edi?ient  Hirer  con:ent-a: 


FIGURE  C-I3:        SLC  PLOT  FOR  MIREX 


TABLE  C-14:  TOC  Noriahzed  Species  SLC  Values  for 
Aldnn  ((ug/g  OtIOO) 


P9C  P95         SPNO  SPECIES 


.002 

.00 

.002 

-9.00 

.002 

.00 

.002 

-9.00 

.002 

-9.00 

002 

-9.00 

002 

-9.00 

003 

-9.00 

003 

-9.00 

003 

-9.00 

003 

-9.00 

003 

-9.00 

003 

-9.00 

003 

.00 

003 

-9.00 

003 

.00 

OOA 

-9.00 

OOA 

-9.00 

OOA 

-9.00 

005 

-9.00 

005 

.01 

005 

-9.00 

005 

-9.00 

007 

-9.00 

008 

-9.00 

009 

.02 

Oil 

-9.00 

019 

.03 

020 

.03 

021 

-9.00 

022 

.03 

023 

.17 

029 

.09 

042 

-9.00 

047 

-9.00 

091 

-9.00 

091 

-9.00 

54.00  PisidiuB.casertanu* 
58.00  PisidiuB.henslowfHii 
65.00  Pontoporeia.hoyi 
66.00  Potaaothrix.ioldaviensis 
76.00  Sphaeriui.nitiduK 
78.00  SpirosperM.ferox 
88.00  Valvata.sincera 
34.00  Liinottrilus.hoffiieisteri 
43.00  Nais. variabilis 
53.00  Piguetiella.tichiganensis 
60.00  Pisidiui.nitidu* 
61.00  Pisidiui.variabile 
67.00  PotaJMthrix.vejbovskyi 
83.00  Tanytarsus.sp. 
87.00  Uncinais.uncinata 
90.00  Vejdovskyella. interiedia 
12.00  Chaetoqaster.diaphanus 
56.00  Pisidiui.conventus 
63.00  Polypedilui.scalaenut 

8.00  Bithynia.tentaculata 
20.00  CryptDchiPOTOdus.sp. 
39.00  riicrotendipes.sp. 
46.00  Oecetis.sp. 
96.00  Helobdella.stagnahs 

1.00  Ablabesayia.sp. 
64.00  Polypediiua.sp. 
82.00  Stylodrilus.heringianus 
70.00  Procladius.sp. 
23.00  Ga*»arus.fa5Ciatus 
59.00  Pisidiua.hlljeborgi 
35.00  Limodrilus.sp. 
14.00  ChironoBus.sp. 
85.00  Tubifex.sp. 
89.00  Valvata.tncannata 

4.00  Asellus.sp. 
18.00  Cricotopus.sp. 
30.00  Hyalella.azteca 


.CC:  .Glc  .:3  .0^:  .05i  .Coi  .C75 

G  .Gi;  .C:4  .G3t  .ut5  .G6  .071 

563ir;Er,T  A;cr:n  ccn:err'aT;c:i   i.L;;''g  C;  ^  100 
FIGURE  C-1^:        SLC  PLOT  FOR  ALDRIN 


TABLE  C-15:  TOC  Noriallzed  Species  SIX  Values  for 
ChlorOane  ((ng/g  OtIOO) 


P90 

P95 

-9.00 

SPNO  SPECIES 

5.40 

46.00  Oecetis.sp. 

7.21 

15.36 

50.00  Phaenopsectra.sp. 

7.75 

15.41 

38.00  Manayunkia.speciosa 

8.17 

-9.00 

10.00  Caenis.sp. 

9.04 

-9.00 

77.00  Sphaeriui.striatiui 

9.18 

-9.00 

67.00  Potaiothrii.vejdovskyi 

9.38 

15.65 

64.00  Polypedilui.sp. 

10.77 

15.48 

1.00  Ablabesiyia.sp. 

11.47 

13.26 

6.00  Aulodrilus.piqueti 

12.58 

15.43 

34.00  Litnodrilus.hoffieisteri 

12.58 

52.68 

81.00  Stylaria.lacustris 

12.88 

15.08 

74.00  Slavina.appendiculata 

13.01 

17.68 

54.00  Pisidiui.casertanui 

13.18 

-9.00 

21.00  Dicrotendipes.sp. 

13.33 

40.% 

89.00  Valvata.tncarinata 

13.58 

-9.00 

88.00  Valvata.sincera 

13.74 

-9.00 

39.00  Microtendipes.sp. 

14.01 

-9.00 

8.00  Bithynia.tejitaculata 

14.07 

16.01 

75.00  Specaria.josinae 

14.77 

35.26 

71.00  Prostoia.rubrui 

14.81 

16.06 

3.00  Ainicola.liiosa 

15.18 

40.83 

43.00  Nais. variabilis 

15.39 

20.78 

78.00  Spirosperia.feroi 

15.47 

49.17 

12.00  Chaetogaster.diaphanus 

15.51 

-9.00 

84.00  Thieneiarmiiyia.sp. 

15.55 

54.74 

62.00  Pleurocera. acuta 

15.63 

-9.00 

44.00  Nanocladius.sp. 

15.71 

-9.00 

45.00  Neureclipsis.sp. 

15.79 

-9.00 

11.00  Ceraclea.sp. 

15.79 

-9.00 

53.00  Piguetiella.iichiganensis 

15.89 

-9.00 

20.00  Cryptochironoius.sp. 

15.89 

22.85 

83.00  Tanytarsus.sp. 

17.06 

53.16 

82.00  Stylodrilus.heringianus 

18.81 

26.99 

70.00  Procladius.sp. 

19.59 

32.63 

23.00  Gaiiarus.fasciatus 

21.35 

-9.00 

52.00  Physella.gyrina 

22.82 

67.71 

13.00  Cheuiatopsyche.sp. 

23.99 

33.88 

35.00  Liinodrilus.sp. 

25.44 

-9.00 

65.00  Pontoporeia.hoyi 

25.44 

-9.00 

76.00  Sphaeriui.nitidui 

26.59 

-9.00 

79.00  Stenoneia.sp. 

32.48 

-9.00 

22.00  Eu);iefferiella.sp. 

33.52 

244.47 

85.00  Tubifei.sp. 

53.17 

-9.00 

4.00  Asellus.sp. 

53.25 

-9.00 

18.00  Cricotopus.sp. 

54.62 

-9.00 

25.00  Glossosoia.sp. 

57.66 

-9.00 

30.00  Hyalella.azteca 

65.86 

-9.00 

31.00  Hydropsyche.sp. 

65.8c 

-9.00 

86.00  Turbeliaria.sp.indet 

36+ 


30+ 


24+ 


Chlordane  (TOC  norwlized)  SLC  R.OT 

— ■( 1 1 1 1 + 1 — 


18+ 


^H 1 1 1 1 1  < 1 (— — ( 1 1 1 1 1 — +- 

4  12  20  28  36  4A  52  60 

8  16  24  32  40  48  56  6A 

sediaeat  Chlordane  ajncentration  (nq/g  C)   ^  100 
FIGURE  C-15:        SLC  PLOT  FOR  CHLORDANE 


TABLE  C-16:  TOC  Norialized  Species  SLC  Values  for 
ppDDT  ((u|/g  CItIOO) 


PJC 


SPNO  SPECIES 


-9 

00 

34.00  Liuiodrilus.hoffieisteri 

-9 

00 

83.00  Tanytarsus.sp. 

-9 

00 

3.00  Ainicola.liiosa 

-9 

00 

43.00  Nais. variabilis 

-9 

00 

SA.OO  Plsidiui.casertanui 

-9 

00 

71.00  Prostoia.rubrui 

-9 

00 

75.00  Specaria.josinae 

-9 

00 

78.00  Spirosperia.feroi 

-9 

00 

8.00  Bithynia.tentaculata 

-9 

00 

39.00  Microtendipes.sp. 

-9 

00 

%.00  Helobdella.stagnalis 

-9 

00 

46.00  Oecetis.sp. 

-9 

00 

20.00  Cryptochironoius.sp. 

02 

64.00  Polypedilui.sp. 

-9 

00 

1.00  Ablabesiyia.sp. 

10 

14.00  Chironoius.sp. 

08 

23.00  Gaoarus.fasciatus 

03 

70.00  Procladius.sp. 

03 

35.00  Liinodrilus.sp. 

09 

85.00  Tubifei.sp. 

-9 

00 

89.00  Valvata.tncarinata 

-9 

00 

4.00  Asellus.sp. 

-9 

00 

81.00  Stylaria.lacustris 

-9 

00 

16.00  Cricotopus.sp 

-9 

00 

30.00  Hyalella.azteca 

r53iii«r;t  Do2''^  currerr-aTicn  'ug'?  C)  t  100 
FIGURE  C-16:        SLC  PLOT  FOR  p,p-DDT 


TABLE  C-17:  TOC  Noriallsed  species  SLC  Values  for 
ppDDD  l(ug/g  Of  100! 


P9C 

P95 
-9.00 

SPNO  SPECIES 

01 

1.00  Ablabesiyia.sp. 

01 

-9 

00 

34.00  Liifiodrilus.hoffieisteri 

01 

-9 

00 

3.00  Ainicola.liiosa 

01 

-9 

00 

«3.00  Nais. variabilis 

01 

01 

64.00  Polypedilui.sp. 

01 

-9 

00 

71.00  Prostoia.rubrui 

01 

-9 

00 

75.00  Specaria.josinae 

01 

-9 

00 

96.00  Helobdella.stagnalis 

01 

-9 

00 

20.00  Cryptochironoius.sp. 

02 

-9 

00 

8.00  Bithynia.tentaculata 

02 

-9 

00 

39.00  Microtendipes.sp. 

02 

-9 

00 

46.00  Oecetis.sp. 

02 

10 

14.00  Chironoius.sp. 

02 

03 

35.00  Limodrilus.sp. 

02 

03 

70.00  Procladius.sp. 

03 

10 

23.00  Gauarus.fasciatus 

03 

-9 

00 

89.00  Valvata.tricannata 

03 

09 

85.00  Tubifei.sp. 

05 

-9 

00 

18.00  Cncotopus.sp. 

05 

-9 

00 

4.00  Asellus.sp. 

06 

-9 

00 

81.00  Stylaria.lacustris 

06 

-9 

00 

30.00  Hyalelia.azteca 

06 

-9 

00 

54.00  PIsldlui.casertanuD 

09 

-9 

00 

83.00  Tanytarsus.sp. 

09 

-9 

00 

78.00  Spirosperia.feroi 

.U3-  .L'CC 


.036  .j-S  .Ci  .3-2 

::»ien'  ppDDD  cc-cerfatici  ■'ug/c  C;  f  100 


FIGURE  C-17:        SLC  PLOT  FOR  p,p-DDD 


TABLE  C-16:  TOC  Norialized  Species  SIC  Values  for 
ppDDE  ((ug/g  OMOO) 


SPNO  SPECIES 


.01 

-9 

.01 

-9 

.01 

-9 

.01 

.01 

-9 

.01 

-9 

.01 

.01 

.01 

-9 

.01 

01 

-9 

01 

-9 

01 

-9 

01 

-9 

01 

-9 

01 

01 

01 

-9. 

01 

01 

02 

02 

-9. 

02 

02 

-9. 

02 

02 

-9. 

02 

-9. 

02 

02 

02 

02 

02 

-9. 

02 

-9. 

02 

02 

-9. 

02 

-9. 

02 

02 

03 

-9. 

03 

-9. 

03 

-9. 

03 

03 

-9. 

03 

-9. 

03 

03 

03 

-9. 

0-* 

-9. 

OA 

-9. 

04 

-9. 

05 

-9. 

05 

05 

-9. 

.00  Caenls.sp. 

.00  Microtendipes.sp. 

.00  Parachironoius.sp. 

.00  Piguetielia.iichiganensis 

.00  Pisidiui.henslowanui 

.00  Sphaeriui.nitidui 

.00  Tanytarsus.sp. 

.00  Valvata.sincera 

.00  Valvata.tricarinata 

.00  Pontoporeia.hoyi 

.00  Slavina.appendiculata 

,00  Helobdella.stainalis 

,00  Ablabesiyia.sp. 

,00  Oecetis.sp. 

00  Pisidiui.variabile 

00  Styiodrilus.heringianus 

00  Polypedilui.sp. 

00  Pisidiui.conventus 

00  Potaiothrii.ioldaviensis 

00  Liinodrilus.hoffieisteri 

00  Pisidiui.casertanui 

00  Bithynia.tentaculata 

00  Cryptochironoius.sp. 

00  Phaenopsectra.sp. 

00  Procladius.sp. 

00  Pleurocera. acuta 

00  Sphaenui.stnatiui 

00  Spirosperia.feroi 

00  Vejdovskyella.interiedia 

00  Chironoius.sp. 

00  Liinodrilus.sp. 

00  Specaria.josinae 

00  Pfiyselia.gyrina 

00  Potaiothni.vejdovskyi 

00  Ceraclea.sp. 

GO  EuJ:ieffenella.sp. 

00  Gauarus.fasciatus 

00  Prostoia.rubrui 

00  Ainicola.liiosa 

00  Cheuiatopsyche.sp. 

00  Turbellaria.sp.lndet 

00  Chaetogaster.diaphanus 

00  Aulodrilus.piqueti 

00  ManayunXia.speciosa 

00  Nais. variabilis 

00  Tubifei.sp, 

00  Polypedilui.scalaenui 

00  Thieneianniiyia.sp. 

00  Paratendipes.sp, 

00  Pisidiui.lUljeborgi 

00  Stenoneaa.sp. 

00  Stylana.lacustns 

00  Uncinais.uncinata 


P90 

P95 
.09 

SPNO  SPECIES 

.07 

18.00  Cricotopus.sp. 

.07 

-9 

00 

A. 00  Asellus.sp. 

.10 

-9 

00 

57.00  Pisidiui. fallal 

.11 

-9 

00 

30.00  Hyalella.aztec^ 

.20 

-9 

00 

60.00  Pisidiui.nitidui 

.21 

-9 

00 

7.00  Aulodrilus.pieuriseta 

.25 

-9 

00 

42.00  Nais.couunis 

.28 

-9 

00 

29.00  Heterotrissocladius.sp. 

se'^iaen:  ppDDE  cs'^cenrraticn   (uc/g  C)   -f  100 
FIGURE  C-18:        SLC  PLOT  FOR  p,p-DDE 


JAiiE  C-I9:  TOC  toriwlized  Species  SLC  Values  for 

opDDT  ((ug/g  OtIOO) 

P<?0 

P95 
-9.00 

SPNO  SPECIES 

.01 

39.00  fliCTOtendipes.sp. 

,01 

-9.00 

96.00  Helobttella.stagnahs 

.01 

-9.00 

83.00  Tanytarsus.sp. 

.01 

-9.00 

20.00  Cryptochironoaus.sp. 

.01 

-9.0C 

e.OO  Bithynia.tentaculata 

.01 

-9.00 

46.00  Oecetis.sp. 

.01 

-9.00 

54.00  Pisidiui.casertanuii 

.01 

-9.00 

78.00  SpirosperM.ferox 

.01 

-9.00 

50.00  Phaenopsectra.sp. 

.02 

.02 

64.00  PolypediliM.sp. 

.02 

-9.00 

1.00  Ablabesayia.sp. 

.02 

-9.00 

82.00  Stylodrilus.heringianus 

.02 

.03 

23.00  GaMwrus.fasciatus 

.02 

.03 

70.00  Procladius.sp. 

.02 

.10 

14.00  Chironowis.sp. 

.02 

.03 

35.00  Lunodrilus.sp. 

.03 

.09 

85.00  Tubifex.sp. 

.04 

-9.00 

89.00  Valvata.tncarinata 

.07 

-9.00 

4.00  Asellus.sp. 

.09 

-9.00 

18.00  Cncotopus.sp. 

.12 

-9.00 

30.00  Hyalella.a2teca 
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FIGURE  C-19:        SLC  PLOT  FOR  o,p-DDT 


TABLE  C-20;  TOC  Noriallzed  Species  SLC  values  for 
PCB  1254  ((ug/g  OtIOO) 


P90 

P95 

SPNO  SPECIES 

06 

-9 

00 

30.00  Hyalella.azteca 

06 

-9 

00 

39.00  Microtendipes.sp. 

07 

-9 

00 

%.00  Helobdella.stagnalis 

07 

-9 

00 

46.00  Oecetis.Bp. 

09 

-9 

00 

20.00  Cryptochironoius.sp. 

21 

27 

64.00  Polypedilui.sp. 

26 

38 

14.00  Chlronoius.sp. 

31 

-9 

00 

18.00  Cricotopus.sp. 

32 

-9 

00 

4.00  Asellus.sp. 

32 

38 

35.00  Liuiodrilus.sp. 

33 

37 

70.00  Procladius.sp. 

33 

38 

23.00  Gauarus.fasciatus 

35 

49 

85.00  Tubifei.sp, 

FIGURE  C-20:        SLC  PLOT  FOR  PCB  125^ 


TABLE  C-21:  TCC  Noriallzed  Specles  SLC  Values  for 
PCB  12^8  ((ug/g  OtIOO) 


P90 

P95 
.04 

SPNO  SPECIES 

.03 

64.00  Polypedilui.sp. 

.05 

-9.00 

20.00  Cryptochironoius.sp. 

.05 

-9.00 

96.00  Helobdella.stagnalis 

.06 

-9.00 

30.00  Hyalella.azteca 

.06 

-9.00 

46.00  Oecetis.sp. 

.06 

-9.00 

4.00  Asellus.sp. 

.06 

-9.00 

39.00  Microtendipes.sp. 

.06 

.67 

14.00  Chironoius.sp. 

.10 

.73 

23.00  Gauarus.fasciatus 

.28 

1.07 

35.00  Liinodrilus.sp. 

.58 

l.U 

70.00  Procladius.sp. 

1.03 

1.36 

85.00  Tubifei.sp. 

1.82 

-9.00 

18.00  Cricotopus.sp. 

FIGURE  C-21:        SLC  PLOT  FOR  PCB  12'f8 


I 


TQC  Noriallzed  Species  SLC  values  for  M 

pcB  1016  ((ug/g  OtIoo)  m 


=90 

P95 
-9.00 

SPNO  SPECIES 

01 

39.00  Microtendipes.sp. 

01 

-9.00 

46.00  Oecetis.sp. 

03 

-9.00 

20.00  Cryptochironoius.sp. 

06 

.« 

14.00  Chironoius.sp. 

06 

-9.00 

%.00  Helobdeila.stagnalls 

09 

.43 

23.00  Gaiianis.fasciatus 

25 

.27 

64.00  Polypedilui.sp. 

26 

-9.00 

18.00  Cricotopus.sp. 

26 

.39 

35.00  Liinodrilus.sp. 

27 

.42 

70.00  Procladius.sp. 

35 

.48 

85.00  Tubifex.sp. 

«5 

-9.00 

4.00  Asellus.sp. 

59 

-9.00 

30.00  Hyalella.azteca 

.C375  .:;:5  .:37f  .:s:f  .337:  .-1:5  .-87:  .56:^ 
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FIGURE  C-22:        SLC  PLOT  FOR  PCB  1016 


TABLE  c-23;  TOC  Noriall-ed  Specie?  SLC  values  for 
PCBs  ((Ug/g  OHOO) 


P90 

P95 
-5.00 

SPNO  SPECIES 

P90 
.72 

P95 
-9.00 

SPNO  SPECIES 

.11 

96.00  Helobdella.stagnalis 

16.00  Cladotanytar^us.sp.                              m 

.12 

-9.00 

39.00  Microtendlpes.sp. 

.77 

8.96 

38.00  Banayun);ia.speclosa 

.15 

.21 

65.00  Pontoporeia.hoyi 

.87 

-9.00 

15.00  Cladopelia.sp.                                        _ 

.17 

-9.00 

63.00  Polypedilui.scalaenui 

\M 

13.62 

7.00  Aulodrilus.pieuriseta                           H 

.17 

-9.00 

76.00  Sphaerlui.nltidui 

1.07 

7.60 

86.00  Turbellaria.sp.indet 

.20 

-9.00 

56.00  Pisidiui.conventus 

1.11 

10.57 

71.00  Prostoia.rubrui 

,21 

-9.00 

47.00  Parachlronoius.sp. 

1.36 

9.53 

12.00  Chaetogasier.dlaphanus                         ■ 

.22 

.32 

58.00  Plsldlui.benslowanui 

1.84 

5.59 

85.00  Tubifei.sp.                                       ■ 

.22 

-9.00 

28.00  Helisota.anceps 

1.86 

19.48 

13.00  Cheuiatopsyche.sp. 

.22 

.% 

90.00  Vejdovskyella.interiedia 

3.26 

-9.00 

60.00  Pisidiui. oltidui                                wm 

.23 

-9.00 

61.00  Plsldiui.varlablle 

6.34 

23.02 

62.00  Pleurocera. acuta                                  IP 

.27 

-9.00 

10.00  Caenis.sp. 

6.43 

-9.00 

5.00  Aulodrilus.liinobius 

.27 

.34 

83.00  Tanytarsus.sp. 

6.59 

-9.00 

69.00  Pristina.osborni                                   ^ 

.27 

-9.00 

73.00  Quistadrilus.iultisetosus 

7.60 

-9.00 

11.00  Ceraclea.sp.                                       H 

.31 

.40 

14.00  Chirononjs.sp. 

9.98 

-9.00 

22.00  Eukiefferiella.sp. 

.31 

-9.00 

49.00  Paratendipes.sp. 

10.57 

-9.00 

29.00  Heterotrissocladius.sp. 

.31 

14.27 

42.00  Nais.couunis 

10.86 

-9.00 

48.00  Paraiautefbomiella.sp.                         ■ 

.31 

.34 

74.00  Slavina.appendiculata 

11.36 

-9.00 

79.00  Stenoneia.sp.                                        ^ 

.32 

.84 

34.00  Liinodrilus.hoffieisteri 

12.35 

-9.00 

44.00  Nanocladius.sp. 

.32 

9.13 

53.00  Piguetiella.iichipnensis 

21.48 

-9.00 

25.00  Glossosoia.sp.                                        ■■ 

.33 

.75 

81.00  Stylaria.lacustris 

.3^ 

2.58 

67.00  Potaiothrii.vejdovskyi 

.35 

-9,00 

21.00  Dicrotendipes.sp. 

.36 

.84 

20.00  Cryptochironoius.sp. 

.36 

.98 

6.00  Aulodrilus.piqueti 

.36 

-9.00 

36.00  Liinodrilus.udekeiianus 

.36 

7.10 

66.00  Potaiothrii.ioldaviensis 

.37 

.78 

89.00  Valvata.tricarinata 

.38 

-9.00 

8.00  Bithynia.tentaculata 

.38 

14.27 

87.00  Uncinais.uncinata 

.39 

M 

52.00  Physella.gyrina 

.AO 

.91 

3.00  Ainicola.liiosa 

.^2 

2.77 

54.00  Pisidiui.casertanui 

M 

6.72 

43.00  Nais. variabilis 

.42 

1.26 

82.00  Stylodrilus.heringianus 

.43 

2.07 

23.00  Gauanjs.fasciatus 

.43 

7.15 

57.00  Pisidiui. fallal 

.43 

-9.00 

59.00  Plsldlui.lllljeborgl 

.46 

-9.00 

33.00  Ilyodrilus.teipietoni 

.47 

1.01 

75.00  Specaria.joslnae 

.49 

-9.00 

32.00  Hydroptila.sp. 

.52 

-9.00 

30.00  Hyalella.a2teca 

.54 

2.35 

78.00  Spirospena.feroi 

.56 

.56 

1.00  Ablabesiyia.sp. 

.57 

1.53 

bMM  Polypedilui.sp. 

.57 

1.33 

70.00  Procladius.sp. 

.60 

10.09 

88.00  Valvata.sincera 

.62 

2.08 

18.00  Cricotopus.sp. 

.63 

2.02 

35.00  Lianodrilus.sp. 

.67 

-9.00 

84.00  Thieneaanniiyia.sp. 

.67 

1.12 

50.00  Phaenopsectra.sp. 

.67 

.98 

46.00  Oecetis.sp, 

.70 

-9.00 

4.00  Asellus.sp. 

=c:ii>€n-  PCBr  cc;pc5-tr;--.Qr 
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FIGURE  C-23:        SLC  PLOT  FOR  PCB 


TABLE  C-2A:  TOC  NorMlized  Species  SLC  Values  for 
Dieldrin  ((ug/g  OtIOO) 


P90 

P<?5 
-9.00 

SPNO  SPECIES 

P90 
.095 

P95 
.17 

SPW  SPECIES 

.003 

96.00  HelotxJella.stagtialis 

74.00  Slavina.appefidiculata 

.006 

.02 

35.00  LitmxJrilus.sp. 

.099 

.24 

38.00  Manayunkia.speciosa 

.013 

.54 

85. OO  Tubifex.sp. 

.100 

.73 

67.00  PotaKDthnx.vejdovskyi 

.023 

-9.00 

39.00  flicrotendipes.sp. 

.107 

.14 

79.00  Stenonew.sp. 

.028 

-9.00 

4.00  Asellus.sp. 

.112 

.80 

42.00  Nais.coMunis 

.034 

.05 

88.00  Valvata.sincera 

.118 

.13 

31.00  Hydropsyche.sp. 

.035 

-9.00 

27.00  Syr aulus. parvus 

.128 

.13 

41.00  Nais.be^ningi 

.035 

.04 

70.00  Procladius.sp. 

.132 

.17 

37.00  LuBbricuIus.vanegahis 

.036 

-9.00 

21.00  Dicrotendipes.sp. 

.132 

.39 

83.00  Tanytarsus.sp. 

.036 

-9.00 

36.00  LiKKKJrilus.utJekeiianus 

.133 

.64 

69.00  Pristina.osborni 

.040 

.09 

64.00  Polypedilua.sp. 

.151 

-9.00 

15.00  Cladc^lu.sp. 

.040 

.06 

75.00  Specaria.josirwe 

.167 

1.26 

18.00  Cricotopus.sp. 

.041 

-9.00 

49.00  Paratendipes.sp. 

.292 

-9.00 

5.00  Aulodrilus.limobius 

.043 

.07 

14.00  Chironowjs.sp. 

.341 

-9.00 

66.00  Potaaothrix.Kldaviensis 

.044 

.17 

10.00  Caenis.sp. 

.341 

-9.00 

90.00  VejdDvskyel la. intermedia 

.044 

.08 

20.00  CryptochiPOTKJBUs.sp. 

.388 

^.00 

12.00  Oiaetog^ter.diaphamis 

.044 

.13 

22.00  EuJciefferiella.sp. 

.494 

-9.K 

7.00  Aulodrilus.pleuriseta 

.044 

.11 

43.00  Nais. variabilis 

.734 

-9.00 

60.00  Pisidiitf.nitidua 

.044 

.13 

84.00  ThieT>eMnniayia.sp. 

.856 

-9.00 

48.00  Paralauterborniella.sp. 

.045 

.18 

52.00  Physella.gyrina 

1.084 

-9.00 

68.00  Prist in4.f Orel 1 

.046 

.15 

6.00  Aulodrilus.piqueti 

.047 

.08 

32.00  Hydroptila.sp. 

.053 

.10 

54.00  Pisidiia.casertanu* 

.054 

.15 

1.00  AblabesMjia.sp. 

.054 

.15 

50.00  Phaenopsectra.sp. 

057 

.13 

23.00  Gamarus.fasciatus 

.057 

-9.00 

33.00  Ilyodrilus.tetpletcmi 

059 

.13 

81.00  Stylaria.lacustris 

063 

-9.00 

8.00  Bithynia.tentaculata 

063 

.77 

53.00  Piguetiella.Bichiganensis 

064 

.11 

89.00  Valvata.tricarinata 

066 

-9.00 

58.00  Pisidiua.hensloianui 

076 

.13 

86.00  Turbellaria.sp.indet 

077 

.13 

11.00  Ceraclea.sp. 

077 

.13 

25.00  SlossosoM.sp. 

077 

.44 

34.00  Li«nodrilus.hoff«eisteri 

078 

.24 

78.00  Spirosperaa.ferox 

080 

.17 

16.00  Cladotanytarsus.sp. 

080 

.12 

45.00  Neuredipsis.sp. 

080 

-9.00 

51.00  Phallodrilus.sp. 

081 

.13 

13.00  Chei«atopsyche.sp. 

081 

.20 

77.00  Sphaeriui. striatic 

084 

-9.00 

72.00  Pseudocleon.sp. 

086 

-9.00 

30.00  Hyalella.azteca 

086 

.12 

82.00  Stylodrilus.hennqianus 

08S 

.18 

46.00  Oecetis.sp. 

091 

.13 

62.00  Pleurocera. acuta 

092 

.12 

44.00  Nartocladius.sp. 

092 

.19 

57.00  Pisidiui.fallax 

093 

.20 

3.00  Aanicola.hiosa 

095 

.14 

71.00  Prosto«.rubru« 

;8c;wr-  Dieicr:?  ccnzerrritin-   (ug/g  C)  t  100 


FIGURE  0-2^*:        SLC  PLOT  FOR  DIELDRIN 


TABli  C-2S:  TOC  Nonalized  Species  SLC  Values  for 
BHC  ((ng/g  citlOO) 


P90 

P95 

SPHO  SPECIES 

P90 

P95 

SPNO  SPECIES 





1.61 

-9.00 

61.00  Pisidiui.variabile 

112.08 

-9.00 

42.00  Nais.coMunis 

2.22 

-9.00 

49.00  Paratendipes.sp. 

114.03 

-9.00 

21.00  Dicrotendipes.sp. 

3.17 

-9.00 

77.00  Sphaeriia.striatiui 

115.00 

-9.00 

32.00  Hydroptila.sp. 

3.70 

4.% 

57.00  Potaiothrirvejdovs^i 

116.94 

-9.00 

15.00  Cladopelia.sp. 

3.86 

-9.00 

90.00  Vejdovskyella.intenedia 

116.94 

203.11 

86.00  Turbeilaria.sp.indet 

4.41 

4.98 

50.00  Phaenopsectra.sp. 

117.92 

-9.00 

57.00  Pisidiui.failai 

4.74 

122.03 

38.00  Kanayunkia.speciosa 

131.12 

-9.00 

16.00  Cladotanytarsus.sp. 

5.01 

-9.00 

8.00  Bithynla.tentaculata 

161.97 

-9.00 

10.00  Caenis.sp. 

5.16 

-9.00 

46.00  Oecetis.sp. 

5.22 

-9.00 

39.00  Microtendipes.sp. 

5.26 

-9.00 

79.00  Stenoneia.sp. 

5.26 

13.46 

82.00  Stylodrilus.heriniianus 

5.51 

113.46 

62.00  Pleurocera. acuta 

5.62 

16.79 

54.00  Pisidiui.casertanui 

6.24 

-9.00 

22.00  Eukiefferiella.sp. 

6.66 

11. U 

52.00  Physella.gyrina 

6.72 

-9.00 

45.00  Neureclipsis.sp. 

6.% 

-9.00 

25.00  Glossosota.sp. 

7.33 

19.08 

78.00  Spirospena.feroi 

8.43 

40.00 

64.00  Polypedilia.sp. 

10.00 

-9.00 

65.00  Pontoporeia.hoyi 

10.00 

-9.00 

76.00  Sphaeriia.nitidui 

10,29 

-9.00 

58.00  Pisidlui.henslowanui 

14.67 

-9.00 

84.00  Thieneianniiyia.sp. 

17.33 

52.18 

71.00  Prostoia.nibrui 

21.33 

68.54 

89.00  Valvata.tricarinata 

23.52 

48.41 

70.00  Procladius.sp. 

23.99 

33.88 

35.00  Litnodrilus.sp. 

25.88 

72.17 

3.00  Ainicola.liiosa 

30.67 

161.97 

13.00  Cheuiatopsyche.sp. 

30.92 

116.46 

11.00  Ceraclea.sp. 

32.09 

87.38 

1.00  Ablabesiyia.sp. 

33.52 

244.47 

85.00  Tubifei.sp. 

33.61 

187.69 

14.00  Chironomis.sp. 

33.61 

117.43 

23.00  Gaiiarus.fasciatus 

36.55 

-9.00 

7.00  Aulodrilus.pleuriseta 

38.67 

131.12 

83.00  Tanytarsus.sp. 

40.12 

-9.00 

59.00  Plsldlui.llUJeborgl 

52.18 

-9.00 

5.00  Aulodrilus.limobius 

53.17 

-9.00 

4.00  Asellus.sp. 

57.66 

-9.00 

30.00  Hyalella.azteca 

59.58 

187.69 

20.00  Cryptochironoius.sp. 

59.58 

-9.00 

44.00  Raiwcladius.sp. 

60.00 

111.11 

43.00  Hals. variabilis 

60.00 

111.11 

75.00  Specaria.josinae 

60.00 

87.04 

88.00  Valvata.siuera 

60.53 

-9.00 

18.00  Cricotopus.sp. 

60.89 

94.26 

53.00  Piguetiella.iichiganensis 

62.37 

119.86 

34.00  Liinodrilus.hoffieisteri 

64.05 

156.83 

81.00  Stylaria.iacustris 

87.04 

146.55 

74.00  S 1 av ina. append  I cu lata 

91.85 

151.69 

6.00  Aulodrilus.piqueti 

%.67 

-9.00 

36.00  Liinodnlus.udekeiianus 
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FIGURE  C-25:        SLC  PLOT  FOR  BHC 


TABLE  C-26:  TOC  Nortalized  Species  SLC  Values  for 
Lindane  Uug/g  OtIOO) 


P90 

P95 
-9.00 

5PW  SPECIES 

.003 

54.00  Pisidiin.casertanua 

.003 

-9.00 

75.00  Specana.josinae 

.003 

-9.00 

78.00  Spirosperaa.ferox 

.003 

-9.00 

96.00  Helobdella.stagnahs 

.005 

-9.00 

6.00  Bithynia.tentaculata 

.005 

-9.00 

39.00  Microtendipes.sp. 

.005 

-9.00 

46.00  Oecetis.sp. 

.007 

-9.00 

1.00  AblabesKiia.sp. 

.007 

-9.00 

63.00  Tanytarsus.sp. 

.006 

.01 

64.00  Polypedilui.sp. 

.009 

-9.00 

3.00  Aanicola. liaosa 

.009 

-9.00 

20.00  Cryptochironows.sp. 

.009 

-9.00 

34.00  Liinodrilus.hoffiieisten 

.009 

-9.00 

43.00  Nais. variabilis 

.010 

-9.00 

71.00  ProstoM.rubrui 

.019 

.03 

23.00  6a**3rus.fasciatu5 

.020 

.03 

70.00  Procladius.sp. 

.022 

.10 

14. (M  ChironoKjs.sp. 

.022 

.03 

35.00  LiBnodrilus.sp. 

.029 

.09 

85.00  Tubifex.sp. 

.045 

-9.00 

18.00  Cncotopus.sp. 

.073 

-9.00 

89.00  Valvata.tncannata 

.152 

-9.00 

4.00  Asellus.sp. 

.216 

-9.00 

30.03  Hyalella.a:teca 

i 

B 
I 

■ 
I 


.265        -9.00        81.00  Stylaria.laojstns 
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FIGURE  C-26:        SLC  PLOT  FOR     7-BHC 


TABLE  C-27:  TOC  Nonalized  Species  SLC  Values  for 
B-BHC  ((ug/g  OflOO) 


P90 


.01 

-9 

.01 

-9 

.02 

.03 

.03 

03 

OA 

-9 

05 

-9 

05 

-9 

06 

-9 

06 

-9 

06 

08 

-9 

09 

-9 

10 

10 

-9 

11 

-9 

12 

-9 

17 

-9 

18 

-9 

IB 

-9 

19 

-9 

19 

-9 

20 

-9 

21 

-9 

P95 


SPNO  SPECIES 


39.00 
46.00 
35.00 
64.00 
70.00 
85.00 
54.00 
78.00 

4.00 
71.00 
30.00 
23.00 
89.00 
18.00 
14.00 

1.00 
43.00 

3.00 
20.00 
75.00 
83.00 
34.00 
81.00 
74.00 

6.00 


Microtendipes.sp. 

Oecetis.sp. 

Liinodrilus.sp. 

Polypedilui.sp. 

Procladius.sp. 

Tubifei.sp. 

Pisldiui.casertanui 

Spirosperia.feroi 

Asellus.sp. 

Prostoia.rubrui 

Hyaiella.azteca 

Gauarus.fasciatus 

Valvata.tricarinata 

Cricotopus.sp. 

Chironoius.sp. 

Ablabesiyia.sp. 

Nais. variabilis 

Ainicola.liiosa 

Cryptochironoius.sp. 

Specaria.josinae 

Tanytarsus.sp. 

Liinodrilus.hoffieisteri 

Stylaria.lacustris 
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FIGURE  C-27:        SLC  PLOT  FOR    P-BHC 


TABLE  c-28  TQC  fiorijllzr':!  Specie?  SLC  values  for 

A-BHC  (tug/g  OflOO) 


^0 

P95 
-9.00 

SPHO  SPECIES 

01 

50.00  Phaenopsectra.sp. 

01 

-9 

00 

82.00  Stylodrllus.heringianus 

01 

02 

54.00  Pisidiui.casertanui 

01 

-9 

00 

78.00  Spirosperia.feroi 

02 

17 

71.00  Prostoia.rubrus 

02 

-9 

00 

64.00  Polypedilui.sp. 

02 

-9 

00 

13.00  Cheuiatopsyche.sp. 

03 

-9 

00 

3.00  Ainicola.liiosa 

03 

-9 

00 

89.00  Valvata.tricarinata 

03 

-9 

00 

83.00  Tanytarsus.sp. 

03 

-9 

00 

81.00  Stylaria.lacustris 

03 

-9 

00 

11.00  Ceraclea.sp. 

03 

-9 

00 

20.00  Cryptochlronoius.sp. 

03 

10 

70.00  Procladius.sp. 

03 

-9 

00 

1.00  Ablabesiyia.sp. 

03 

15 

23.00  Gauarus.fasclatus 

03 

-9 

00 

34.00  Llinodrilus.hoffieisteri 

04 

-9 

00 

75.00  Specaria.josinae 

04 

-9 

00 

43.00  Nais. variabilis 

06 

-9 

00 

6.00  Aulodnlus.piqueti 

07 

-9 

00 

74.00  Slavina.appendiculata 

07 

-9 

00 

86.00  Turbellaria.sp.indet 

08 

-9 

00 

88.00  Valvata.sincera 

10 

-9 

00 

53.00  Piguetiella.iichiganensis 

10 

-9 

00 

38.00  Manayunltia.speciosa 

10 

-9 

00 

62.00  Pleurocera. acuta 
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FIGURE  C-28:        SLC  PLOT  FOR    a  -BHC 


TABLE  C-29:  TOC  Norialired  Species  SLC  Values  for 
HCB  ((ug/g  OtIOO) 


>?0 

P<?5 
-9.00 

SPW  SPECIES 

01 

39.00  flicrotendipes.sp. 

01 

.02 

65.00  Pontoporeia.hoyi 

02 

-9.00 

96.00  Heloodella.stagnalis 

02 

-9.00 

27.00  Gyraulus. parvus 

02 

-9.00 

47.00  ParachironoKJS.sp. 

02 

.02 

61.00  Pisidiun.variabile 

02 

-9.00 

10.00  Caenis.sp. 

02- 

.03 

35.00  Liinodnlus.sp. 

03 

.08 

1.00  Ablabessyia.sp. 

03 

-9.00 

28.00  HelisoM.anceps 

03 

-9.00 

56.00  PisidiuB.conventus 

03 

.03 

58.00  Pisidiim.henslownu* 

03 

-9.00 

55.00  Pi sidiun. cypres 5u« 

03 

.04 

64.00  Polypedilui.sp. 

03 

-9.00 

76.00  SphaeriiDi.nitiduB 

03 

.03 

E3.Q0  Tanytarsus.sp. 

03 

.06 

14.00  Chironcmis.sp. 

03 

1.19 

42.00  Nais.cowunis 

03 

.04 

82.00  Stylodrilus.henngianus 

03 

.09 

85.00  Tubifex.sp. 

03 

.04 

70.00  Procladius.sp. 

03 

-9.  CO 

21.00  Dicrotendipes.sp. 

03 

.04 

54.00  Pisidiui.casertanu* 

03 

.52 

66.00  PotaKthrix.Kldaviensis 

03 

.04 

74.00  Slavina.appendiculata 

03 

.05 

90.00  Vejdovskyella.iPtersedia 

03 

.11 

20.00  Cryptochironcxws.sp. 

OA 

.16 

50.00  Phaenopsectra.sp. 

04 

1.33 

7. CXI  Aulodnlus.pleunseta 

Oh 

-9.00 

49.00  Paratendipes.sp. 

QA 

.06 

67.00  Potaaothrix.vejdovskyi 

04 

-9.00 

79.00  Stenonewia.sp. 

04 

.05 

52.00  Physella.gyrina 

04 

.14 

78.00  SpirosperRa.fero); 

04 

-9.00 

36.00  Lianodrilus.udekeaianus 

04 

.38 

62. CXI  Pleurocera. acuta 

04 

.12 

23.00  Gaftaarus.fasciatus 

04 

-9.00 

84.00  Thieneaannisyia.sp. 

04 

-9.00 

77.00  SphaenuB.stnatiuffi 

04 

.13 

88.00  Valvata.sincera 

04 

.13 

3.00  Aanicola.  liKsa 

04 

.14 

34,00  Litnodrilus.hoffiieisteri 

05 

.19 

89.00  Valvata.tricannata 

05 

.09 

43.00  Nais. variabilis 

05 

-9.00 

63.00  Polypedilu».scalaenui 

05 

-9.00 

22.00  Eukiefferiella.sp. 

05 

-9.00 

11.00  Ceraclea.sp. 

05 

.48 

57.00  Pisidiun.faliax 

05 

1.33 

87.00  Uncinais.uncinata 

06 

-9.00 

16.00  Cladotanytarsus.sp. 

06 

.16 

18.00  Cricotopus.sp. 

06 

-9.0C 

25.00  Glossosoaa.sp. 

06 

.17 

46. CO  Oecetis.sp. 

P90 

P95 
.73 

SPW  SPECIES 

.06 

53.00  Piguetiella.iichiganensi 

.06 

-9.0C 

45.00  Neurechpsis.sp. 

.06 

.11 

86.00  Turbellaria.sp. indet 

.06 

-9.00 

8.00  Bithynia.tentanilata 

.06 

-9.00 

37.00  LLurbriculus.vanegatus 

.06 

.28 

71.00  Prosto«a.rubru« 

.06 

-9.00 

32.00  Hydroptila.sp. 

.07* 

.20 

81.00  Stylaria.Iacustns 

.08 

.16 

6.00  Aulodriius.piqueti 

.08 

.16 

75.00  Specaria.josinae 

.09 

-9.00 

44.00  Kanocladius.sp. 

.09 

.54 

38,00  Hanayunkia.speciosa 

.09 

.16 

13.00  CheuMtopsyche.sp. 

.10 

-9.00 

15.00  Cladopelu.sp. 

.12 

-9.00 

59,00  Pisidiua.lilljeborgi 

.12 

.91 

12,00  Chaetogaster.diaphanus 

.15 

-9.00 

33.00  Ilyodrilus.tMpletoni 

.15 

-9.00 

4,00  A5ellus,sp. 

.25 

-9.00 

30.00  Hyalella.aazteca 

.31 

-9.00 

60.00  Pisidiui.nitiduB 

.46 

-9.00 

69.00  Pristina.osborni 

.58 

-9.00 

29.00  Heterotrissocladius.sp. 

.59 

-9.00 

48.00  Paralauterborniella.sp. 

.67 

-9.00 

5.00  Aulodrilus.liinobius 

C  .0£5  .;?  .155  .3-  .^15  .5: 

'  sedi-ier.r  HCF  ccncBntrariGn  (L,g/.;  C)  t  100 

;  FIGURE  C-29:        SLC  PLOT  FOR  HCB 


TA1L£  C-30;  TOC  Koriwhzed  Species  SLC  Values  for 
Heptachlor  Epoxide  ((ng/g  OilOO) 


P9C 

P95 

SPNO  SPECIES 

3.36 

-9.0C 

96.00  HelobdelU.stagnahs 

5.31 

-9.00 

8.00  Bithynia.tentaculata 

5.31 

-9.00 

39.00  hicrotendipes.sp. 

5.4C 

-9.00 

46.00  Oecetis.sp. 

6.23 

-9.00 

20.00  Cryptochironcmus.sp, 

8.CW 

14.96 

64.00  PolypediluB.sp. 

21.66 

30.28 

70.00  Procladius.sp. 

21.93 

33.33 

35.00  LiKiodrilus.sp. 

22.93 

191.91 

14.00  ChironcMus.sp. 

25.88 

139.36 

23.00  Saawrus.fasciatus 

29M 

86.80 

65.00  Tubifex.sp. 

45.46 

-9.00 

18.00  Cricotopus.sp. 

46.86 

-9.00 

4.00  Asellus.sp. 

53.74 

-9.00 

89.00  Valvata.tricarinata 

57.66 

-9.00 

30.00  Hi^lella.azteca 
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HGURE  C-30:        SLC  PLOT  FOR  HEPTACHLOR  EPOXIDE 


TABLE 


■31:  TCC  RorBjll:e-J  spede?  SLC  va 
G-Chloraane  ((ug/g  OUOO) 


m 

P95 
-9.00 

SPNO  SPECIES 

.0! 

39.00  Microtendipes.sp. 

.01 

-9 

00 

46.00  Oecetis.sp. 

.01 

-9 

00 

20.00  Cryptxhironoius.sp. 

.01 

-9 

00 

1.00  Abiabesiyia.sp. 

.0! 

-9 

00 

54.00  Pisidiui.casertanui 

.01 

05 

64.00  Polypedilui.sp. 

.02 

03 

70.00  Procladius.sp. 

.02 

03 

35.00  Liinodrilus.sp. 

.03 

13 

23.00  Gauarus.fasciatus 

03 

18 

14.00  Chironoius.sp. 

03 

24 

85.00  Tubifei.sp. 

03 

-9 

00 

89.00  Valvata.tricarinata 

05 

-9 

00 

71.00  Prostosa.rubruB 

05 

-9 

00 

81.00  Stylaria.lacustris 

05 

-9 

00 

4.00  Asellus.sp. 

06 

-9 

00 

43.00  Nais. variabilis 

06 

-9 

00 

18.00  Cricotopus.sp. 

06 

-9 

00 

30.00  Hyalella.azteca 

06 

-9 

00 

13.00  Cheuaatopsyche.sp. 

07 

-9 

00 

82.00  Stylodrilus.heringianus 
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FIGURE  C-31:        SLC  PLOT  FOR    7-CHLORDANE 


TABLE  C-32:  Species  List  for  SLC  Database 

1  AplaDeisyia.y:'. 
;  Aejloscffla.st. 
J  AfliTiicuia.liBC'So 

4  A'.ellus.if. 

J  Aolc-jrilus.liwiC'biui 
6  Aulodnlux.piqueti 
~  ftulodnlus.pleuris-eta 

5  Bithynia.te-iUcuiata 
9  BrafKihiura.sowerbyi 

10  CaetUS.Sf. 

11  C^raclea.sp. 

12  ChaetogaSter.diaf+ianus 

13  CI'^t.iBatopsyche.Ep. 
M  C-hirn-rCwus.sp. 

15  CladoMina.sp. 

16  Cladcitanytarsus.sp. 

17  Coelotanypt.fs.sf. 

18  Cricot-cipus.sp. 

1?  Cricot-opus.vierrierisis 

20  Crypt-ot:hironc*Js.sp. 

21  Dicrotendipes.iP. 

22  Eukiefferiella.sp. 
2J  Gawsanjs.fasciatu; 

24  GlossiPhr^ia.f-«t*rc«:lit-d 

25  Glossosoua.sp. 

26  Glypt-ot-endipes,  JP. 

27  Syraulus. parvus 

23  Hehsosa.aricePi 

29  Heterotrissocladius.sp. 
JU  Hyaltlla.arteca 

31  Hydropsyche.sp. 

32  Hydroptila.sp. 

33  IIyodriU(S.te(npletorii 

34  LinfK-jrilus.l-ioffBeisten 
;<5  Lionodrilus.sp. 

36  LiBncdrilus.udekemamjs 

37  Lunit'riculu3.yan*c;atus 

38  Nanayunkia.spe>:iosa 

39  Microtendipes.ip. 

40  Hystaci'iti.sp. 

41  Nais.bel-ifiinqi 

42  Nais.coaw.iriiE 

43  Neis. variabilis 

44  Nariccladii.is.sp. 

45  Neureclipsis.sp. 

46  Oecetis.sp. 

47  Parad-iironnc€us.sp. 

43  Paralaut^rtKi'rriiella.sp. 

49  Paratendipes.sp. 

50  Phaenopsectra.sp. 

51  Phaliodrilus.sp. 

52  P^lysella.gyrlno 

53  Piguetiella.iichigariensis 

54  Pisidiua.casertarn.wi 

55  Pisidiun.compressuffl 
!<■  Pisidiuiii.coriverii-.ijs 

57  Pisidium.fallax 

58  Pisidiij(ji.r*rislC'*«arium 

59  Pisidiun.lilljeborgi 

60  PisidiuE.riitidum 

61  Pisidim.variabile 


rolypedi  lua.  scalaerpuB 

Polypedil'.a.sp. 

Pontc^poreia.hcyi 

Potato  ttir  1 X .  BC'  1  da  V 1  eris  I  s 

Potaitothru.vejdovskyi 

Pristina.fcreli 

Priitina.osborni 

Procladiiis.sp. 

Prort-oma.  rubrua 

Ps€!udoclecr,.sp. 

&jistadrilus.iHjltiS€tosi.(S 

Slaviria.appeodiculata 

Specaria.josinae 

Sphaeriut.nitidufli 

Sphaerica.striatii* 

SpirosperBd.feroy. 

Stenosena.sp. 

StictochirCiTicwiis.sp. 

Stylaria.lacustns 

Sty  1  odr  1 1  us .  f-ier  1  ng  1  arms 

Tanytars^js.sp. 

Thi€fie«anniiyia.sp. 

Tutifex.sp. 

Turbellaria.sp.irxtet 

L^inais.ircinata 

Valvat-a.sincera 

Valvata.tricannata 

Vejdovskyeila.  int^ritedia 

Elliptio.coaplanata 

Spt-iaeriLB.siBile 

Oi  1  r  orxous .  p  1  u»o  sus 

Cricotopus.bicircti-fS 

Ephemera.  £f'. 

Helobdella.stacrialis 

Hexagenia.  liBt'ata 

Hexageriia.sp. 

Tanypijs.sp. 

Tubifex.ti.ibifex 


APPENDIX  D 

Species  Screening  Level  Concentrations  and  Plots 
for  MOE  In-Place  Pollutants  Data 


o  SSLC  for  each  species  is  90th  percentile  (P90)  concentration  all  samples  with  that 
species  present. 

o  Each  table  shows  SSLCs  (P90)  for  one  contaminant,  arranged  in  order  of  increasing 
concentration.  P95,  also  shown,  has  some  values  missing  (-9)  due  to  small  sample 
size. 

o  A  corresponding  SLC  plot,  with  the  same  figure  number  as  the  table,  shows  the  rank 
order  of  each  SSLC  against  the  corresponding  SSLC  concentration.  Plot  symbols 
indicate  the  number  of  SSLCs  falling  at  the  same  plot  position.  The  5th  percentile 
of  this  cumulative  distribution  is  the  contaminant  SLC.  (Where  fewer  than  20 
species  are  included,  the  10th  percentile  is  used.) 
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FIGURE  D-1:  SLC  PLOT  FOR  ARSENIC 


Cr  (TOC  normalized)  SLC  PLOT 


d     21* 


«      75     105      135     165 
60      90     120     150 


195     225 

210     240 


sediient  Cr  concentration  (ug/g  C)  t  100 


FIGURE  D-2:  SLC  PLOT  FOR  CHROMIUM 
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FIGURE  D-3:  SLC  PLOT  FOR  COPPER 
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Fe  •■■-;/;  C)T 
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lf!^l'.-I 
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i9gr.N 
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2''0eC.CD 

39400.00 
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24013.37 

-9.00 
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2443[;'.nc 

3S-60.00 
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-9.00 
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Hg  (lug/g  OVIOO)  -  In-Place  Pollutants  Data 
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122.40 
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-9.00 
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FIGURE  D-5:  SLC  PLOT  FOR  MERCURY 
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FIGURE  D-6:  SLC  PLOT  FOR  ZINC 
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FIGURE  D-7:  SLC  PLOT  FOR  PCBs 
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TABLE  D-8:  COMPARISON  OF  SLC  VALUES  BASED  ON  MOE  IN-PLACE 

POLLUTANTS  DATA  WITH  VALUES  BASED  ON  THE  MAIN  DATABASE 


SLC  from  Table  3.11  SLC  from  MOE  Data 

Parameter  (ug/g  C)  (ug/g)^  (ug/g  C)  (ug/g)^ 


Arsenic  980  39                          ^37  17 

Chromium  3,370  13^  3,753  150 

Copper  2,320  93  2,565  102 

Iron  *  -                            ♦  - 

Mercury  11  O.^i^                         10  OAO 

Zinc  l'*,080    .  563  10,3^*2  ^13 

PCBs  16.^  0.65                          if.l  0.16 


Conversion  from  ug/g  C  to  ug/g  assumes  an  average  '*%  total  organic  carbon.  Actual 
average  TOC  values  were  approximately  2%  and  3%,  respectively,  for  the  main  and 
MOE  databases. 


*  TOC-normalized  SLC  for  iron  greater  than 


APPENDIX  E 

Species  Screening  Level  Concentrations  and  Plots 

for  Combined  Data  from  Appendix  C 

and  Appendix  D 


SSLC  for  each  species  is  90th  percentile  (P90)  concentration 
all  samples  with  that  species  present. 

Each  table  shows  SSLCs  (P90)  for  one  contaminant,  arranged  in 
order  of  increasing  concentration.  P95,  also  shown,  has  some 
missing  values  (-9)  due  to  small  sample  size. 

A  corresponding  SLC  plot,  with  the  same  figure  number  as  the 
table,  shows  the  rank  order  of  each  SSLC  against  the 
corresponding  SSLC  concentration.  Plot  symbols  indicate  the 
number  of  SSLCs  falling  at  the  same  plot  position.  The  5th 
percentile  of  this  cumulative  distribution  is  the  contaminant 
SLC.  (Where  fewer  than  20  species  are  included,  the  10th 
percentile  is  used. 

SLC  calculations  for  total  P,  TKN,  and  TOC  are  based  on  bulk 
sediment  values.  These  are  indicators  of  sediment  enrichment 
and  reflect  accompanying  environmental  changes  such  as  oxygen 
depletion.  They  are  not  to  be  considered  indicative  of  "toxic" 
levels  since  it  is  unlikely  these  nutrients  are  truly  toxic. 

Numbering  of  the  tables  follows  the  system  of  Appendix  C  to 
facilitate  comparison.  Only  those  parameters  that  occured 
above  detection  limits  at  sufficient  frequency  are  included. 
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FIGURE  E-1:  SLC  PLOT  FOR  ARSENIC 
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FIGURE  E-3:  SLC  PLOT  FOR  CHROMIUM 
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SPNO  SPECIES 

:8.9e 

-9.  CO 

17.00  Coelotanypur.sp. 

19.70 

-9.00 

9.00  Branch lura.sotuerpy: 

21.89 

23.13 

26.00  Glyptctendipes.Bu. 

25.27 

43.18 

59.00  Pisidium.lii:,eDQ'-g: 

25,50 

35.6-< 

96.00  heiobdeila.stagraiis 

26.90 

36.81 

4.00  Asell'js.sp. 

28.04 

-9.00 

50.00  Stictochironcnius.sp, 

25.10 

60.87 

27.00  'Syaulus.parvu; 

28.89 

-"■  ■=. 

75.00  Specaria.josinae 

30.47 

-9.00 

76.00  Sphaerium.nitiduin 

30.91 

2s7.78 

7.00  Aulodnlus.pleuriseta 

31.86 

-9.00 

50.00  Pisidium.conventus 

32.31 

-9.00 

24.00  Glossiprionia.heteroch 

32.42 

37.07 

6.00  Auloonlas. piquet: 

33.04 

407.11 

60.00  PiBidium.nitidu!!' 

33.66 

-9.00 

47. OC'  Pa'-achi'-ononius.sp. 

35.  r 

52.20 

61.00  Pi5idiuiii.variaPile 

35.88 

•*2.£ll 

70.00  Proc!adiu5.5:. 

36.76 

46.00 

65,00  Pontoporeia.rioyi 

37.04 

71.36 

6.0c  Bithynia.tentaculata 

37.11 

48G.20 

10.00  Caeri5,5D. 

36.19 

■*i.^^ 

59.00  Valvata.trica'-inata 

38.54 

H5.80 

50.00  Phaenopsectra.sp. 

39.  C' 

57,^3 

H6.0C  (iecetiE.Bp. 

3''.  11 

44.7'* 

38.00  Vaivata.sincera 

3g_2t; 

46. 15 

14.00  ChironomuE.so. 

1^.59 

H'.20 

21.00  Oicrotendipes.sp, 

40.46 

45.56 

Bl.OO  Stulana.lacuitrir 

40.85 

77.99 

20.00  Cryptcchironomus.9D, 

40.86 

80. 7o 

78.00  Spi'-osDemia.fero-' 

40.98 

79.23 

35.00  Limnodrilu5.5p. 

41.81 

-9.00 

91.00  Elliptic. complanata 

il.88 

85.48 

33.00  Tanytarsu5.5p. 

42.33 

47.95 

15.00  CladopeUa.sp. 

42.35 

36.15 

52. OC  PhyEelia.gy-ma 

42.33 

90.98 

55.00  Pisidium.compressuiTi 

42.53 

401.43 

32.00  Hydroptila.sp. 

44.34 

79.65 

1.00  ADiabe5»yid.5p. 

44.61 

81.41 

34.00  Liir.cdnlus.ho^fw:;^? 

44.95 

48.41 

49.00  Paratendipes.sp. 

45.00 

85.30 

54.00  Pisidiua.case'tanuiTi 

45.86 

1273.63 

85.00  Tubifex.sp. 

46.01 

230.11 

12.00  Chaetogaster.diapha-u; 

47.79 

112.40 

92,00  Sphaeriuffi.simiie 

47.33 

-9.00 

hC.OO  Mystacides.sc, 

4'',  56 

7g,o. 

93.00  ChiPonaffiui.plumnsijH 

50.07 

91.53 

51.00  Ptialioarilus.sp. 

50.30 

101.55 

3,iX!  AmnicGla.liinosa 

51.38 

"5.0" 

58,00  Pisidium.r.enslouianuiti 

52.00 

-c.OC 

9^00  He-'agenia.hiiData 

52.10 

-9.00 

33,20  Iluodriiu5.:e'''pleto^; 

53.05 

150. 1^ 

1:.G0  Ciaaota^.ra'sui, =p. 

t'.t- 

:::.:" 

"3,20  'Juisrac:-i.-5,iiii::-iset- 

P9!. 


'54.22 

366.6- 

53.00  PiQue^;elia.:!i;:t:ga-=-5.; 

56.25 

112.99 

23.00  Sauma'us.  tasciat'.s 

56.27 

-9.00 

39.00  ricrotendipes.sp. 

56.43 

110.6^ 

6*, 00  Polypeailu)ii,rC, 

57.16 

113.59 

84.00  7hiene!tiannii»uia.5p. 

57.46 

186.79 

43,00  Nais. variabilis 

60.31 

439.29 

60,00  PotamothriY.mclPav:?-::! 

61.26 

108.91 

77.00  Sphaerium.striatiufr 

61.94 

147.71 

82.00  Styioarilus.r.erirgianijs 

62.44 

540.00 

42.00  Nais.cpmmunis 

63.10 

90.42 

90.00  Vejaovskyella.inte-Tiec- 

63.12 

78.06 

100.0-0  Tutifex.tubire;' 

65.09 

99.83 

45.00  Neurechpsis.sp. 

^.04 

-9.00 

63. CO  Polypediluu.scaiae'^uiTi 

66.62 

-9.00 

28.00  Helisoma.anceps 

67.60 

127.44 

67.00  Potantothrix.vejdovsKy: 

70.59 

llo,13 

30.00  Hyalella.aiteca 

77.01 

189.05 

36,00  Liinnodrilus.udekeniiaru; 

77.14 

133.38 

13.00  CheuBiatopsyche.sp. 

35.16 

375.71 

5.00  Aulodrilus.liinnobius 

85.25 

405.77 

74.00  Slavina.appendiculata 

96.70 

407,50 

44.00  Nanocladius.sp. 

97. r 

163.72 

25.00  Glossosoma.sp. 

100.27 

232.45 

86,00  Tt:rbeIlaria,5P.inde'- 

103.32 

235.24 

11.00  Ceraclea.sp, 

103.93 

23t. 12 

57.00  Pisidiuri.falla;; 

104.92 

247.86 

79.00  Stencnema.sp. 

105.09 

390,71 

38.00  Manauuni.ia. species^ 

105.84 

197.14 

22.00  Euiieffenella.r-p, 

1C6.:'5 

247.56 

71.00  PrncfoBia.rubruR 

106.78 

480.50 

87.00  Uncinais.unciiati 

106.38 

245.00 

62.00  Pleurocera. acuta 

108.6- 

512.36 

18.00  Cricotopijs.sp. 

109,08 

-9.00 

2.00  Aeolosoma.sp. 

lie. 00 

204. -'6 

31. OC   HudrnnsyC-iP.SL, 

125.38 

4346.33 

41.00  Nais.behnmgi 

137.18 

-9.00 

72.00  °seuaccleon.5p. 

146.97 

461.43 

69.00  Pristina.osborr,; 

I06.5" 

-9.00 

29,00  Hete'0tri550cUar:5,5P. 

189.52 

2095,00 

3-. 00  Lumo'-icuius.variegarL; 

223.18 

-9,00 

48.00  Paralauterborri5lia.sp, 

311.24 

-9.00 

08.00  Pristina.fareii 

FIGURE  E-'*:  SLC  PLOT  FOR  COPPER  , 
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il 


-ABLE  E-5:   -i'C  ^c-r.^hzez  l: 


B^C  '^a:^:=s  fo' 


?95 


SF^(  sPi:: 


•^i-T'.'u 

25530.'° 

2o.j0 

51u2totenCice5.5S. 

'.3eB2A2 

16953.08 

9o.OO  nelobdelia.ttaanahi 

: 75- 1.67 

22533.33 

35.00 

Limnodnljs.BC. 

'.=005.=: 

-■-.:c 

r.oc 

CoelctanyDUi.s;. 

;vn4L.CG 

2':.20.2C 

4.20 

Aseiius.bC. 

I'CIG".]? 

2"52-.3: 

35.00 

7uo:f9-.E:, 

3ioOC.uO 

-9.GC 

9".0G  He>:agenia.li;iiSata 

33:C5.35 

45::c.2u 

65.00 

Pontopoi'eia.noy: 

3140?, 8^ 

06003.34 

93.00 

Chironoitius.Dlumosus 

34G35.%E 

h5C'G.^: 

59.00 

9i3ia:aJi.l;lljeCGrg: 

3"65.I:C 

6C023.53 

27.20 

Syrauius.Darvus 

3566 :.B2 

-9.3C 

56.20 

Pisiaiuffi.conventus 

3667h.:'- 

-a.:o 

"".CO 

"araC'i'onoiius.sp. 

3sec=.:: 

635:'.3t 

70!  00 

Prn.::adius.r:. 

363: u. 3- 

3'*E--*.:2 

21.00 

DicrcteriCises.s?. 

-::f:,53 

0:6":.:" 

:00.0c 

"-5:-e.,.tubi*5:' 

a'';7-,9; 

9Crc:,2r 

'3.0'0 

'juisrad'ilus.Tiul^isetjSu? 

uCC^^^OT 

--,'3C 

7o.00 

Spriae'ium.nitiduiT, 

-=6;5.i3 

^53-]".: 

12.00 

:har-0Ga=tei',d;a:r;3Pu5 

4603=. 30 

38:61. 82 

30.00 

Hyalella.azteca 

"6^53. '3 

5h2o3.32 

53.00 

Valvata.smcera 

-~:t=."- 

boO":.-- 

3-^.00 

Liinnod'uuB.hcf'aieiEte'-: 

47363. i: 

ic''5":" 

'.00  Aulodr:lijs.:.i9uri5?t3 

4"o5.4: 

'-'""I".  29 

:-.oo 

CN;-cnoiiiU5.rD, 

AVSlJ.f: 

1 J2550C 

:2.20 

Caenis.Ei:. 

i55::.:3 

735-:. oc 

:.GC 

AblaDesmuia.sp. 

c j03_,c 

--.•:c 

63.20 

PoiypediiuTi.ECilaenun; 

::3=:.3-' 

--,20 

40.00 

^sracioes.su. 

5253l.c1 

~:-52.'- 

20.00 

"'.;^oc,Mr^'OT,L!s.rp. 

5;S3ir.;jr 

9 290:. 75 

o:.00  Fisiciurruvariaaiie 

539:;. 06 

136915.: 

-9,00  Paratendines.sD, 

5 955 B. 3: 

--■.  UL 

9.0c  B'-ancM'j'-a.soiLie'-nLii 

i:9o4.:3 

■'^3:~.30 

6.00 

AulcGr:iu3.;i;ue''. 

oHnnccM 

3232:. 43 

:d.oo 

OiadDtanytai'Eus.sr.. 

05615. Du 

73535.39 

"5.00 

Specaria.josinae 

o:551.35 

7~529,7o 

3o.OO 

-KT'noariius.uaekeTiianijE 

6'565.41 

321o5.75 

89.0:0 

Valvata.tri:ar:r,a:a 

oS:".93 

-9.00 

33.00 

iiyod''iluE.*:9ffiniprcr.i 

o9333.3h 

343335.0 

66.00 

PataHiOthr;  ;.,Tic:davl9r,c.5 

'0I5:.6: 

-9.00 

23.00  Hehsoma.anrons 

700:5.3: 

1336?6.e 

15.00  Clasopelma.sc. 

72330.53 

19906O.7 

4O.00 

')eceti5.5D. 

":332.:3 

i^r:-:.' 

50.00 

^haencDsectra.ED. 

^4935.32 

N32L5.3 

55.00  Pi;idiuiii.Cu;r,5re5saii, 

"97::. 90 

-9.2c 

3'- .  00 

M;rrntPr,1;-.p=.5C. 

502t5.''; 

lo97!-3 

oO.OG 

Pi5:diu:ii.ninGuiii 

3:*:-.5- 

930°-. 74 

31.00 

Stylaria.la-jsr-i? 



34369.-. 

134729,^ 

8,00  Birhyn;a.-e-.arv:i- 

84705.33 

106800.0 

3.00  Ad-ncoia.imosa 

86332.30 

2024!'.: 

43.00  Naii.varia:;::? 

66832.30 

19948^2 

St.OC  T,^ieP9iTianr:iii;.:a,E:. 

885«'*.39 

211323.3 

90.00  vejCDv5lue:ia.ir,:f--E: 

999:5.:- 

\'u"Z.u 

53.00  'anytarsur.E:. 

91304.34 

149711.5 

o4.0C  °oiy?9diluiii.sp. 

91590. o4 

200625.0 

58.00  fisiaim.he'-'^.lrj.^-.r 

91791.30 

229133.3 

51.00  Phallodriius.sc, 

94613.00 

20190-4.6 

22,00  Eun9ffpri9::a.5:, 

101809.8 

-9.00 

24.00  51o£5iDl''QniE,-"9*?i-::. ; 

105003.0 

1393333 

53.00  Plgu9tleIia.T^:^::E-5- 

111925.5 

1512857 

5.00  Aulodriiiis.IninGPi.E 

1:235'.; 

265333.3 

86.00  T.rQeliaria.i:.:^-E- 

119975.5 

-9.00 

72,00  Pseudcciocn.sp. 

12391., 3 

317333.3 

77.00  Spria9r:ufr,.5tria*;ur 

I30GCO.O 

24"'47o.: 

13.00  Cheu[natopsych9.E:. 

130000.0 

251166.7 

82.00  Stylodrilus.herirnia-. 

132083.3 

395056.3 

71.00  Prostoma.rubrum 

132083.3 

255952.4 

'9.00  Stenonefna.sp. 

133234.0 

-9.00 

30.00  StictochironoffiuE.EC, 

137933.2 

212602.2 

25.00  Slossosoma.sp. 

141250.0 

357706.3 

57.00  Disidium.falla^' 

143750,0 

151849.0 

-45. 00  Npijrecl-EiE.Ep. 

Nt'*t2.3 

33840 ;.o 

7-. 00  ola^ina.a-Denci:-:^:- 

1«:356.^ 

2135000 

•♦2. 00  Nais.coMuniE 

145903. 0 

602142,3 

32.00  Hydr-ptiia.Ep. 

1-5903.0 

390'3e.6 

62.00  Pi9urnc9ra.a:j':E 

149001,: 

24533'.: 

92.00  3cr.a9':a^.EiTiiie 

15o79a.O 

o97-24.3 

33.00  r^anayL;r.i.;a.5Deci;Er 

lo373:.3 

990625.0 

4-. 00  NanccladiuE.ED. 

15'.G15.« 

3o041o.' 

31,00  Hy-0P5y--'9,5p. 

20538-.6 

1245905 

13.00    rrirnrQcrc,;-, 

203351.0 

4015:5. : 

11.00    C9r3:. 65. EC, 

222027.0 

-9.10 

91.00  EiiiotiQ.cGiTipljna-; 

229230.3 

:iioco7o 

ti.OC  Nai5.D9r,r>;-,c: 

250000.0 

4930000 

3''.00  LumCi-icuidE.varia:;:.: 

297619,0 

13463o4 

6°. 00  °'':  =  -ina.DEDC'r: 

306 3-0. : 

-=.00 

O.OiO  AeoioEJi'ia.E-, 

3542o0.2 

20 ;43'5 

67,00  'J^,:lni■.5.■J^.:lna^E 

536353.9 

-5,00 

29.00  HetP'or-iErCclaciJE,?: 

910363. 0 

-9,00 

43.00    =ar3iau-P-DGrn:=i.,.;- 

:31342-' 

-9,00 

oS.OO  =-E*:^i.*-9l: 

FIGURE  E-3  SLC  PLOT  FOR  IRON 


TARE  E- 


T'X  Norit,ili:?C  rcec 


por 

P95 

SPNO  SPECIES 

P50 

P95 

SPNO  SPECIES 







-5.00 

5.00  Brancniura.sciKe'-OL.: 

115.43 

3-1. 'H 

23.00  Gamniaru5.'a=c:3:.E 

>.:: 

-9.00 

55,00  Pi5idium.liiljeDG'-gi 

115.67 

3^3.00 

5-. 00  5isiGiu(r..ca59'-tar'-i 

2" .  1  ■: 

-9.00 

76.00  Sphaenum.Pit'.cu!!! 

123.81 

-9.00 

3u.'3G  Limnodrilus.uGe-.-sini 

2^.22 

-".00 

17.00'  Coelotanypus.sp. 

124,64 

43-. 33 

78.00  SpirGspe'-ma.fs'-G- 

2Q,n~ 

37.35 

65.00  Pontoporeia.ncX|i 

125.00 

163.04 

3.00  AmnicGia.IiiiiOza 

32. 6" 

--.OC 

SC.OO  Stictocr-ironGnius.SD. 

127.73 

-9.00 

73.00  Ouistadrilus.uiuitis' 

3S.10 

-9.00 

26.00  ilyptG'pfidipes.ED. 

128. Dl 

655.38 

53.00    Pl5131u;T...-|Pn3lja)ar.L 

M.5C 

-9.00 

5fi.00  Pisidiuni.conventus 

131.60 

202.46 

lo.OO  Ciadotanytarsus.sp. 

^;.'6 

-=.00 

63.00  Polypedil'jiri.scalaenuin 

137.03 

543.47 

12.00  Chaetogaster.dianra 

5r.8" 

-=.00 

2S.00  Hehsouia.anceps 

137.84 

400.61 

77.00  Sphaenum.stnati'jr 

59.58 

o3.5o 

21.00  Diirotendipes.sp. 

143.62 

373.47 

43.00  Nais.vanap-hs 

6C.35 

-=.00 

51.00  Elliptic. complanata 

151.01 

475.84 

57.00  Pisidium.faila- 

60.74 

-9.00 

4.00  Asellus.sp. 

151.94 

448.46 

74.00  Slavina.appendicula 

60.74 

-5.00 

5^.00  HeloPdelia.Btagnalii 

152.51 

371.90 

86.00  Turbellaria.sc. inae 

61. "1 

80.-: 

35.00  Linm^jd'-ilus.sp. 

152.9H 

228.41 

30.00  Hyal9lia.a:t9C3 

61. 11' 

-=.oc 

:■*. 3Ci  Glass ipho-ia. hete'Cicl i ta 

15'«.02 

596.36 

62.00  Pleurocera.acuta 

63. -t 

3o .  0 '. 

ii.OO  C^a^ono(^lU5.5^ 

153.62 

540.63 

44.00  Nanocladius.sp. 

63.5- 

15:.'= 

35.00  7aPi'p;;.5f. 

161.85 

251.60 

25.00  Glossosowa.sp. 

63.71 

101.17 

70.00  Procladius.SD. 

162.86 

372.53 

79.00  Stenonema.sD. 

00. 3- 

=  1 .  Oo 

20.00  Cryptochironomus.ip. 

167.37 

634.55 

71.00  Prastcwia.rubruiii 

06.65 

i:'ii.40 

oO.OO  Pisidium.nitidun, 

167.99 

320.95 

22.00  Euhefferiella.sp. 

69.  C3 

:0d.8c 

1.00  Ablabesmyia.sp. 

170.64 

40^86 

11.00  Ceraclea.sp. 

71. 4e 

895.20 

10.00  Caenis.sp. 

173.46 

400.21 

13.00  C-ieijiiatopsyche.sp. 

71. "6 

50.6= 

85.00  Vaivata.rricarinata 

152.75 

480.7! 

32.00  Hydroptila.sp. 

7J.97 

50.6- 

45.00  Pat-ateridipps.sn. 

217.52 

175H.05 

41.00  Nais.behninqi 

".0^ 

-5.00 

•i7.00  ParccriirononiDS.SD. 

236. 3o 

767.27 

18.00  Cncotopus.sp. 

74.05 

-v.OO 

27.00  ayraulus.oarvus 

252.51 

362.58 

51.00  Phallodril'js.SD. 

76.  OC 

lo=.23 

93.00  Tarutarsus.s:, 

250.57 

1400.00 

37.00  Luiubncul'js.varipga 

77.  ic 

l-t0.3l 

-6.00  necetis.BD. 

201.32 

1674.52 

7.00  Aulcdrilus.pleurisp 

".SO 

8°.  08 

8E.0O  v£;vat3.;inc?ra 

305.03 

-5.00 

15.00  Cladopplma.sp. 

77.33 

15-. 02 

31.00  Stylaria.lacustris 

305.03 

848.13 

38.00  nanayunkia.sppGiosa 

78.26 

233.00 

75.00  SDecaria.jcsinae 

316.01 

1563.64 

5.00  AMlociri!u5.1iinnGDiu= 

78. 9C 

870.83 

53.00  Piguetieila.itiicriiganensis 

326.55 

1230:.  00 

31.00  Hydropsycrie.sp. 

80. 3i 

200.03 

45.00>   ^^€U''9Cllp5!E.?p. 

3i5.19 

rsi.o: 

65,00    O'lStir.a.GSDGrn; 

80.  o5 

328.21 

0.00  Aulodrilus.piQue*-: 

627.-"' 

-9.00 

25.00  HPtorotriccQciadiu; 

81. 24 

95.2- 

61.00  Pi5:diurn.var;aPile 

750.68 

-5.00 

2.00  AeoiGsotiia.sp. 

33.03 

121.33 

8.00  Bithynia.tentaculata 

387.50 

-9.00 

37.00  Uncinai5.uncir.at3 

83.86 

-9.00 

35.00  Microtendipes.sc. 

1024.75 

-9.00 

-8.00  ParaiauterDornielU 

e-..^: 

15M6 

34.00  Lininodrilu5."'Otfiiiei5teri 

1313.52 

-9.00 

08.00   PriEtl'a.fGr?:; 

85.38 

226.50 

50.00  Phaenopsectra.s:. 

88,63 

22S.52 

64.00  Paiypedilurti.sD. 

89.95 

325.19 

55.00  Pisidiuiii.compressuiii 

"3.75 

178.40 

84.00  Thienemannimyia.sD. 

^0.5' 

-5.00 

93.00  Chircinotiius.plumosu; 

97.38 

262.2^ 

67.00  Potanioth'-u.vejdovstyi 

^E.il 

ll-:.0'' 

-2.00  fiais.CGinciuniE 

100.04 

-9.00 

^2.00  PseudoclBon.sp. 

1G3.60 

600.33 

52.00  SDr.ae-iuiTi. simile 

110.36 

Io25.u0 

60.0c  PGtamothriii.itioldaviensis 

111.01 

-=.co 

33.00  liyodr-.ius.temple'-G-: 

FIGURE  E-6  SLC  PLOT  FOR  LEAD 


TABLE  E-'':  'OC  Hcr'nalizet  Soecies  SLC  Values  for  M^ 


P%  P95  SPNO  SPECIES 


;t5.S  303. 9«=  70. OC  Procladius.so. 

:e''.33  35'. 68  35.00  Limnocriius.sD. 

:'=1.17  475.77  85.00  Tubifex.sp. 

313.05  968.57  23.00  6aini»arus.fa5c:atLJ5 

335. 5C  3i:.6c:  m.OC  ^oIuDPCiluiTi.sp, 

350.56  -'.00  4o,0C  '/ecetis.sp. 

3c:.-:  -=5.00  H.OQ  AselluB.SD. 

36:. a:  -=?.00  96,00  Helobdella.stagnal: 

367.50  -9.00  v.oo  Branchiura-sowe'Dyi 

480.09  -9.00  20.00  Cryptocnironomus.sp 

481.78  -9.00  93,00  Chironomus.pluuosus 

615,92  1088.8:  14.00  CNironoiwjs.SD 

5^65. :4  663c. 36 

6636. 3o  -9.00  18.00  Cricotop'js.sp 


m 
m 


30.00  Hyalelia.arteca  ^^ 

in  Tin  r,.,r,-,rr,n,,=  en  ^^ 


m 


m 
m 
■ 
p 
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FIGURE  E-7:  SLC  PLOT  FOR  MANGANESE 


MP^E  E-E 


TOC  Norffializeij  Species  SLC  Values  for 
Hg  '  '.ug/g  OrlGD' 


P90 


•  C 

-^J.OO 

63.00 

.10 

-9.0C 

5o.0C 

.1! 

.31 

52.00 

.11 

.19 

26.00 

.13 

.13 

93.  OC 

.  13 

-=.  JC 

5.00 

.14 

-9.00 

51.00 

.  ic 

.20 

O5.00 

.1''] 

.36 

61.00 

.21 

S.oZ 

9c.  00 

.«: 

100!.  00 

.24 

-9.00- 

76.00 

.2t 

.43 

85.00 

.3C 

.60 

4,00 

.32 

.71 

55.00 

.33 

.■i' 

30.00 

.35 

.36 

35.00 

.42 

-9.0C 

r.oo 

.4« 

1.47 

-5.00 

45 

.79 

70.00 

.40 

1.13 

5-.00 

4:^ 

_9; 

22.00 

47 

1.41 

e.oo 

48 

■D.oe 

12.00 

49 

.05 

20.00 

45 

'2,'i' 

ol.OO 

49 

2.0^ 

50.00 

5C 

1,5~ 

49.00 

5C 

,-': 

55.00 

51 

1.25 

25.00 

51 

.55 

50.00 

52 

.74 

34.00 

54 

1.25 

53.00 

55 

1.22 

N.OO 

56 

1 .  25 

54.00 

5o 

;.£■" 

52.00 

56 

.'2 

92.00 

5S 

1.24 

73.00 

5<? 

4.13 

41.00 

5" 

1.25 

64.00 

60 

1.15 

83.00 

62 

1.50 

89.00 

63 

1.71 

1.00 

64 

1.71 

78.00 

64 

1.54 

'9.00 

67 

1.48 

27.00 

oe 

13.00 

6P 

1.00 

31.00 

6<: 

1.:: 

23.00 

6? 

3.99 

tc.OO 

;PNO  SPECIES 


Polypedilum.scalaenuHi 

Pisidiuffi.ccnventus 

Sphaerioju.  smile 

Glyctotendipes.sp. 

Chi-ononius.plumosus 

B'-anchiura.sowei'Dyi 

ElliDtiD.tomplanata 

'^ontcporeia.hoyi 

Pisidium.variabile 

Helobdella.stagnalis 

7.jbife>;.tubife.< 

Sphaerium.nitiouffi 

Tubifex.sp. 

Aselius.sp. 

Pisidiuni.  lilljebcrgi 

Hyalelia.aztecd 

Limnoarilus.sp. 

Coeiotanypus.sp. 

Neureciipsis.sp. 

Prccladius.sp. 

Triieneffiannimyia.sp. 

Eijl  leffe'-iella.sp. 

Fithynia. tentacuiata 

Chaetogaster.diaohanus 

CryptocnironoiTtus.sp. 

?:r;5iuiTi.nitiau(T' 

Ve.idovskyella.  interniedia 

Paratenflipes.sp. 

Pisidiuin.coiTiprerSud' 

GiOSBOSOITia.Sp. 

"NaenoDsect'a.sp. 

Limnoflrilus. hoffmeisteri 

'isidium.hensloiuanudi 

Chironoflius.sp. 

'isidiuiTi.casertanuni 

Physeiia.gynna 

Stylodi-ilus.henngianus 

Ouistadrilus.inultisetosus 

Nais.behningi 

PoiypediluiB.sp. 

Tanytarsus.sp. 

Valvata.tricarinata 

Ablabesnyia.sp. 

Spirosperina.  ferox 

Stenonenia.sp. 

Gyraulus. parvus 

CheuniarGpsyche.sp. 

Stylai-ia.lacustns 

Ga"iiTiaru5.fa5ciatus 

Pg  t  aniot  hr  1  >; .  (TK3 1  dav  1  en  5 !  5 

Myor:.p5ycrie.=p. 

'2adctanu''a'-5'jE.3p. 


5PN<;- 


.73 

1.5' 

•1.00 

.73 

l.N 

88. 00' 

.""♦ 

S.5u 

7.00 

.74 

5.20 

75.00 

.74 

-9.00 

2.00 

.78 

1.31 

3.00 

.79 

-5.00 

72.00 

.79 

1.41 

77.00 

.80 

1.96 

46.00 

.88 

-9.00 

87.00 

.51 

3.16 

67.00 

.92 

6.91 

6.00 

.93 

1.75 

62.00 

.95 

-9.00 

28.00 

.98 

10.22 

36.00 

.99 

2.43 

57.00 

1.00 

2.14 

3o.OO 

1.01 

11.63 

5.00 

1.02 

11.10 

55.00 

1.02 

-9.00 

47.00 

1.03 

1.89 

43.00 

1.13 

1.57 

44.00 

1.16 

-9.00 

97.00 

1.20 

1.99 

11.00 

1.20 

15.79 

15.00 

1.27 

2.33 

18.00 

1.29 

2.70 

42.00 

1.33 

2.60 

37.00 

1.41 

4.31 

32.00 

1.48 

3.78 

38.00 

1.56 

5.85 

74.00 

1.57 

5.5-* 

69.00 

1.57 

4.07 

21.00 

1.70 

1.97 

10.00 

2.35 

-9.00 

24.00 

2.49 

-9.00 

39.00 

2.60 

-9.00 

80.00 

4.55 

-9.00 

29.00 

6.10 

-9.00 

33.00 

8.17 

-9.00 

48.00 

10.27 

-9.00 

63.00 

12.75 

-9.00 

40.00 

rrpstOffia.rubrufli 

Valvata.sincera 

Aulodrilus.pleuriseta 

Specaria.josinae 

AeolDSoma.sp. 

Amnicola. limosa 

Pseudocieon.sp. 

Spoaeriufn.srriatiuin 

'^lecetis.sp. 

Uncinais.uncinata 

Pet amor  hr i x , vej  dovsty i 

Auiodrilus. piquet: 

Pleurocera. acuta 

Helisoma.aticeps 

L 1  mnodr  1 1  us .  udekeiri  i  anus 

PisidiuBi.fallax 

Turbellacia.sp.indet 

Auloarilus.limnobius 

Piguetielia.niichiganensis 

Parachironomus.sp. 

Nais. variabilis 

Nanocladius.sp. 

Hexagenia.  liitibata 

Ceraclea.sp. 

Cladopeima.sp. 

CricotopuE.sp. 

Nais.CDiTifflunis 

Luffibr icui us. var I egatus 

Hydroptila.sp. 

Planauunkia.speciosa 

Slavina.appendiculata 

Pristina.osporni 

Cicrotendipes.sp. 

Caens.sp. 

Giossiphonia.rieteroclita 

Microterdipes.sD. 

Stictochirnnomus.sp. 

Heterofissocladius.sp. 

Ilyodrilus.templetoni 

Paralautei-ccrnieila.sp. 

Pristina.fnreii 

Mystaciaes.sp. 


I 
I 

9 
I 
P 
I 
R 
I 


zedim^rit  M*'"C'.jt"y 


FIGURE  E-8:  SLC  PLOT  FOR  MERCURY 
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TABLE  E-9:  TOC  Normalized  Species  SLC  Values  for 
Ni  ((ug/g  OVIOO) 


P90 

P95 

SPNO  SPECIES 







15.91 

-9.00 

59.00  Pisidiuiii.hlljebo'-gi 

20.42 

-9.0C 

17.00  Coelotanypus.sp. 

21.58 

-9.00 

47.00  Parachironomus.SD. 

21."" 

-9.00 

56.00  Pisidium.conventus 

23.9^ 

53.01 

35.00  Limnodrilus.sp. 

24.40 

31.08 

61.00  PiBidiuffi.variabile 

26.30 

61.63 

85.00  Tutifex,5p, 

27.42 

105.47 

65,00  Pontoporeia.hoy; 

29.02 

-9.00 

80,00  Stictochironoiiiu5,5p. 

35.40 

-9.00 

28,00  Hehsoma.anceps 

37.89 

2'OC.15 

75.00  Specaria,jOSinae 

37.93 

339.68 

21.00  Dicratendipe5,5D, 

37.9" 

44.08 

70.00  Procladius.sp, 

38.20 

-9.0C' 

63.00  Polypediluffi.scalaenun. 

38.26 

-".00 

27.00  Syauius.parvjs 

38.76 

185.13 

4a. 00  i)ecen5.5p. 

39.80 

16". Do 

o.QO  AulodriluB. piquet: 

41.0" 

116.88 

34.00  Liirmodrilus.hofrineiiter; 

41.45 

-9.00 

76.00  Sphaerium.nitiduiTi 

42.08 

75.2^ 

50. OC  Phaenopsectra.sp. 

42.68 

486. "2 

12.00  Chaetogaster.diapl-ianus 

42.75 

63.65 

1.00  Abiabesmyia.sp. 

42. "6 

936.95 

7.00  Aalodrilijs.pieuriseta 

42.96 

2888.95 

10.00  Caenis.sp, 

42.96 

53.09 

89.00  Valvata.tricarinata 

43.0" 

67.40 

20.00  Cr'jptochiroPoiiKis.sp. 

44.83 

47.37 

88.00  Valvata.Bincera 

4^.02 

81.35 

49.00  Paratendioes.sp, 

52.82 

120.00 

lo,00  Cladotanytarsus.sp, 

54.0:- 

1^.38 

22,00  Eu'ieffeneiia,5D. 

54.07 

-9.00 

9,00  Branchiura,50ii/erbyi 

57,05 

-9.00 

4.00  Asellus,sp, 

57.05 

82.35 

81,00  Stylana.lacusTis 

57.05 

-",00 

96.00  Helobdella.stagnalis 

5". 87 

-9.00 

73.00  Quistadrilus.inultiEerasu' 

61.82 

83.0" 

52.00  Physella.gyrina 

63.81 

95.59 

51.00  Phallodrilus.sp. 

66.46 

9oo.  18 

60.00  PotaiMthrix.Mldaviensii 

67.45 

127.30 

54.00  Pisidiuis.case'-tanum 

67.78 

-9.00 

55.00  Pi5idiuifi.coiiipre55uiT. 

68.03 

97,47 

14.00  Chironosus.sD. 

6".  02 

147.69 

3.00  Afltnicola.limosa 

70.20 

100.00 

64.00  Polypediluffi.sp. 

70.5" 

1"(].91 

76,00  Spirocperffla.fero'.: 

74.56 

51G.a3 

58.00  Pisidium.henslowanum 

76.35 

22". 0" 

23,00  Gaiiiiiiaru5,fa5Ciatu= 

77.10 

230.00 

84,00  Thieneinanniiityia,5D. 

78.12 

>'*.42 

"0,00  Vejdovskuella, intermedia 

:'9.7" 

"".62 

25,00  51o55csoina,5p, 

en.  50 

^75.00 

7':. DC  PrD?toma,'-'jbru(f 

80.50 

188.96 

7'',nc  Stencnertia.sp. 

S2.35 

8.2. OC 

5,00  Aulodriius,  iiiT'iobiui 

Sj.i; 

lOCi.GO 

cO.OO  P;5id-.ur.,r;-iaLii' 

P95 


SPNO  SPECIES 


84.63 

150.00 

67.00  ?otaiiiothr;x,vejdo.=..: 

85,6" 

154.7" 

13,00  Cheu«iatopsucr>e,5p. 

85,6" 

207.27 

86,00  Turbellaria.SD.indet 

85.89 

274,66 

43.00  Nais.vanabihi 

36.52 

333.33 

57,00  PiDidiuffi.falla:; 

86.67 

172.73 

6.00  Eithynia.tentaculata 

8^.58 

-9,00 

3", CO  ?1ic-otenciDe5,;p, 

87.75 

1282,00 

42.00  Nais.coffiBunis 

88.20 

261.82 

77,00  Sphaerium.striati'jii- 

90,67 

-9,00 

72.00  Pseudocleon.sc. 

93,08 

137,71 

82,00  5tylodrilu5,he'inQianLE 

94.62 

104.38 

45.00  Neureclipsis.sp, 

95,38 

312.73 

62,00  Pleurocera. acuta 

"5,38 

163,33 

83,00  Tanytarsus,sp, 

95,"" 

374.00 

11.00  Ceraclea.sp, 

96,92 

1328.8" 

74.00  Siavina.appendiculata 

9a.  95 

842.22 

32,00  NydrDptila,5p, 

100,00 

-9.00 

36.00  L:mnodrilu5.udekemanu= 

100,00 

1659.38 

44,00  Nanocladius.sp. 

102,92 

916.88 

38,00  Manayunkia.speciosa 

118,17 

-9.00 

93,00  Chirono*ius,plu*05u5 

151.81 

-9,00 

15.00  Ciadopelffia.sp. 

160.00 

1262,00 

41.00  Nais.behningi 

169.06 

-",00 

33.00  IlyodriluB.temple^CMi 

172.3" 

1031.00 

69.00  Pri5tina,osbO''n: 

175.38 

1166.00 

31, iX:  Hydrop5yc-ie,5p, 

170.36 

875.04 

18,00   CriL0tDD'J5,5D, 

180.00 

2144.00 

37,00  LuiTionculus.variegariJ? 

200,00 

958.8" 

53,00  Piguetieiia,»icr,iganpp 

243,85 

282.27 

30,00  Hyalella,a:teco 

M8,00 

-9.00 

29,00  Heterotris5ocladius,5p 

578.55 

-9.00 

48,00  Para!auterbQrnie!la,5F 

6i4,42 

-".00 

2,00  Aeolo50'na,5p, 

72". 26 

-".00 

68.00  Pristir.a.fnreli 

012,50 

-9.00 

87.00  Uncinais.uncmata 

ieaiment  fJictsl 


FIGURE  E-9:  SLC  PLOT  FOR  NICKEL 


■ABLE  E-lC:  TOC  No-taiize:  Sse-es  SLC  Values  fc 


P90 

P95 

SPm  SPECIES 

?90 

P95 

SPNO  SPECIEb 











65.71 

642.36 

26.00  Siyptotenaises.sp. 

3=4.13 

-9.00 

40.00  Mustacides.sf. 

iG3.6^ 

-9.00 

17.00  Coelotanypus.sp. 

400.00 

1122.33 

23.00  Gaffi»arij5.fa5c:at'j; 

122.37 

123.38 

59.00  Pisidium.hiljesorgi 

402.19 

470.50 

51.00  Phallodrilus.SD. 

12b. C3 

26S.A- 

A.OOi  Asellus.sc. 

402.34 

-9.0C 

33.00  Ilyodri!u5.tPinDl9'-3r; 

139.62 

-9.. 30 

56.00  =i5idiaffl.conventus 

428.74 

7057.1- 

5.00  Auiocriia5.ii:nr,oDi.j5 

141.03 

-9.00 

24.00  GiossiDhonia.heterDclita 

460.4- 

-9.00 

39.00  flic-oter.Pipes.sp, 

1A8.CC 

-=.02 

9". 30  he;;aQ9nia.h(«bata 

480.38 

1509.05 

6-. 00  Polypediluw.sp, 

140. i9 

198.00 

65.00  Pontoporeia.hoyi 

494.23 

1303.81 

16.00  CladotanytarsuB.sp. 

156.61 

-=.00 

63.00  Polypedilum.scalaenain 

522.10 

1255.84 

67.00  Potamorhrix,vPjdov5i.y- 

161.36 

-9.nn 

30.00  Stictochironomus.sp. 

577.66 

1130.06 

49.00  Paratendioes.sp. 

162.58 

-9.00 

76.00  SDfiaeriuin.nitioum 

597.06 

1272.73 

30,00  Hyalella.arteca 

165.87 

222.68 

61.00  Pisiaium.vanabile 

632.01 

5770.91 

38.00  Manauunkia.speciosa 

175.07 

279.83 

35.00  Tubifex.sp. 

637.59 

1320.39 

45.00  Neurechpsis.sp. 

176.36 

49i.87 

35.00  Limnodrilus.Bp. 

643.13 

3265.39 

74.00  Slavma.aDpendiculata 

181.3° 

4j<5.^4 

93.00  Chircncmus.slunicsus 

786.60 

2273.33 

43.00  Nais.va-iaDihs 

183.0=5 

-9.00 

47.00  Parachironoiiius.sp. 

792.71 

9610.00 

42.00  Nais.coMunis 

183. ''i 

269.-1 

100.00  TLiDifex.tubi^e;; 

921.88 

3337,44 

32.00  HyaroptUa.sp. 

183.^5 

I's.O" 

92.00  Sphaei-iuiT'.siffiile 

953.57 

3265,39 

-4.00  Nanocladius.sp. 

187. HO 

39^.20 

^0.00  Procladius.sp. 

932.14 

1698.33 

82.00  Stylodrilus.henngianus 

188.83 

'♦11. 43 

l.OC  Ablabesmyia.sp. 

1050.00 

-9.00 

87.00  Uncinais.uncmata 

133.89 

5035.72 

7.00  Aulodrilus.pi9u''i5e*a 

1074.55 

1402.67 

77.00  Sphaenum.stnatiuin 

199.2=^ 

3c9,3c 

21.00  [):crct9n(3ipef.5p. 

1086,92 

2223.63 

57.00  Pisidium.fallax 

190. h8 

570. 13 

l-.OO  Chironomus.rD. 

1109.79 

2201.53 

86.00  Turbellaria.sp. indet 

l'3.9i 

307.10 

3'».np  L:iifiodriI'j5,hnf*moi5tPri 

1112.31 

-9.00 

2.00  Aeolosoma.sp, 

19^.2: 

-=.00 

91.00  Elliptic. couiDlanata 

1122.69 

2076.91 

13.00  ChPumatoDsyche.sD. 

•98. 16 

3615. Ic 

12.00  C'''aetOQa5tei".diaDnanu5 

1134.9c 

2453,33 

71.00  ProstOffia.fuDruiii 

199.46 

3t3.75 

93.00  valvata.smcera 

1153.35 

1352.33 

31,00  HydroD5ycNe,sp. 

205.2* 

3«~.2'' 

89.00  Valvara.rricarmata 

1163.41 

2347.61 

62.00  Pleurocera. acuta 

222.22 

438.10 

73.00  'juistadrilu5.(Fiuiti5eto=u5 

12^54. 29 

2219.95 

22.00  Euueftprielia.sp. 

223.51 

263, A? 

9t.00  ^'9i^b0€ll3.5tag^ai;; 

1260.00 

2347,61 

84.00  Thienemanr.Kiiyia.Ep. 

235.22 

422.99 

55.00  PisiDiuiii.COTipressuiti 

1272.73 

5193.33 

18.00  Cr:cDtopu5.5D. 

256.43 

-25.60 

3.00  Bithynia.tentaculata 

1384.76 

2453.83 

79.00  StenoneiRa.sp. 

256.95 

'900.47 

60.00  Pisidiudi.nitiduiT. 

1400.95 

2764.38 

11,00  Ceraciea,5p. 

2-2.80 

330.00 

2C.00  CruptochirononuE.SD. 

1417.14 

2260.4^ 

25.00  Slossosffliia.sp. 

273.16 

-9.00 

9.00  BrancNiura.sowe'-r.ui 

1660.48 

:-227.18 

53.00  Piguetielia.Tiirri-gane-;;; 

23a. 36 

-9.0C 

29.00  Hehsoffia.anceps 

2014.91 

3753.03 

69.00  Pristina.osborn; 

289.76 

49h.Q2 

73.00  Spirosperma.fero: 

2212.53 

7422.^5 

41.00  Nais. Denning; 

290.76 

372.36 

50.00  Phaenopsectra.sp. 

2431.06 

9t90.00 

37.00  LuiTiDr;culu5.var:9gat.£ 

293.90 

473.57 

36.00  Liinnodrilus.udeleriianijs 

2485.71 

-9.00 

29.00   HPtProtri;50Cl?i!L'5.E:. 

294.45 

1757.89 

27.00  Gyraulus. parvus 

2542.33 

-9.00 

72.00  Pseudocleon.s-. 

296.02 

385.00 

31.00  Stylana.lacu5tr;  = 

5234.29 

-9.00 

43,00  ParalaLte'-ocnieiia.r;. 

293.90 

479.43 

3.00  Amnicola.liiTOsa 

6131.69 

-9.00 

69.00  Pnst-.na.forei: 

331.08 

651.56 

83.00  Tanytarsus.SD. 

333.45 

"'8'".2" 

90.00  Vojdovsl'uella.intP'-iTipdia 

365.31 

1108.96 

52.00  Physella.gyrina 

363.05 

r=;,5:- 

55.00  P'.Eidiuc.hp-slouarum 

370.93 

-130.71 

10.00  Caenis.sp. 

3^1.47 

477.^0 

75.00  Soecaria.josinae 

371.^0 

1072.50 

5-.00  P;5ic;u(!i.ca5e'"Tanuri 

373 , 2 J 

i'.:.5r 

6.00  AL!C.-r:Iuc.n:-uP^: 

373.21 

9^5. i9 

:o,00  -c-aiiotvi  '.irioldaviPRsis 

379.40 

-":.:: 

15.00  CiaGGDeifTia.ip. 

Zinc  JOC  ncrmahrHd)  SLC  PLOT 


iw  2400  J2u0  -lOOu  4c 
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FIGURE  E-10:         SLC  PLOT  FOR  ZINC 
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P95 

SPNO  SPECIES 

P9D 

P95 

SW  5?ECIE5 

.Oc 

.06 

39.00  MicroTendipes.sp. 

.35 

.oO 

18.00  Cr:cotopu5,5C, 

.06 

.14 

17.00  'Coelotanypus.sp. 

.38 

14.2:* 

87.001  iJncinais.uncinata 

.DA 

.11 

26.00  Glyptotendipes.sp. 

.30 

.94 

78.00  Spirosperma.fe'^O); 

.Ot 

.10 

96.00  Helobdella.stagnal;; 

.4: 

4,56 

38.00  ManayunHa.soeciosa 

.Ge 

.  13 

30.00  Hyalslla.azteca 

.4: 

6.^2 

43.00  Mais. variabilis 

.28 

.If 

93.00  Craronows.pIuMSUr 

.43 

.56 

1,00  Ablabesmyia.sp, 

.Co 

.53 

9.00  Erancniura.somerDyi 

.•*3 

1,31 

82.00  Stylodrilus.Neringia^ 

.10 

.22 

8.00  Bithynia.tentaculata 

.45 

5.0! 

57.00  Pisidium.^^ailax 

.14 

.40 

4.00  Asellus.sp. 

.45 

1.00 

85.00  Tubife-.SD. 

.'.5 

_;c 

46.00  Oecetis.BP. 

.4t 

-9,00 

33.00  Ilyodriius.templPtori 

.  Is 

.3f 

99.00  Valvata.tricannata 

.46 

1,01 

75.00  Speca'ia.josnae 

.16 

.25 

65.00  Portoporeia.hoy: 

.48 

-9.00 

32.00  Hydrcptila.sp. 

.  16 

-9.0c 

■'o.OC  Sphae'-ium.nitidum 

.52 

.69 

50.00  Phaenopsectra.sp. 

.16 

-^.c: 

47.00  Parach-.ronotrius.sp. 

.56 

9.48 

7.00  Aulodnlus.pleunsers 

,r 

-°.oc 

53.00  Pal jpedi lull, scalaenuci 

,63 

1.48 

"7.00  riexager.ia.limbata 

.15 

.23 

27.00  Gy-auluE. parvus 

.72 

-9.00 

15.00  Ciadopeima.sp. 

.;c 

-9.00 

56.00  Pisidium.ccnventus 

.82 

21.^8 

25.00  ulossoscma.sp. 

.;n 

53.00  Tanytarsus.sp. 

.32 

22.  "6 

31.00  Hydrnp5yc^e.sp, 

.:o 

.3c 

100.00  Tubife^i.tubife- 

1.07 

7.60 

86.00  Turbellaria.sp.indet 

.;c 

.23 

21.00  Dic-ntendipes.Ep. 

l.Il 

10.57 

:'1.00  Prcstoma.rubruui 

.21 

.30 

20,00  Cryptocr.i'onoinus.sp. 

1.15 

12.35 

13.00  CNeumatopsyche.sp. 

.;: 

-9.00 

28,00  Hehsoi^a.anceDs 

1.36 

C.53 

12.00  ChaetDGaster.diaphanu^ 

.21 

.r 

88.00  Val'/ata.sincsra 

2.35 

-9.00 

11.00  Ceraciea.sp. 

.2- 

.9? 

90.00  'v'ejdov5iyeIla.interiTied:a 

5.^0 

22.12 

62,00  Pleurocera. acuta 

.22 

1.25 

66.00  -PtaTiotNn-.fiiclraviensis 

6.43 

-9.00 

5.00  AulodrilL:s.ii-^''c3!Uz 

.22 

.32 

O.'f.CO  L:T,nGdrilus.ho*^r(iiP!ste'-: 

6,59 

-9.00 

69.00  p'lstma.osDorn: 

.22 

.37 

73.00  Ou-iStad'-iius.TiulnsetQE.is 

9,09 

-9.00 

2". 00  HPterott-issccladius.Su 

.22 

.2: 

10.00  Caenis.sp. 

9.^8 

-9,00 

22,00  Eut<ie<^rerielia.sn. 

.22 

.35 

U.OO  Chiropomus.sp. 

10.96 

-9.00 

48.00  Paralauterborniella.sn 

.22 

."8 

3.00  Amnicola.lKTiOEo 

11 .  3c 

-9.00 

79.00  Srenonema.sc, 

.22 

.66 

3o.00  Linmodrilus.udek'emianus 

12.35 

-9.00 

44.00  Nanocladius.SD. 

.23 

.35 

6i,00  PPisidium.variaDile 

.2-* 

,72 

5h.0C  Pisidium.cisertjnuri 

.28 

.5« 

64.00  Poiyped:  luFi.sp. 

.2*^ 

.:: 

70,00  PrDciadius.sp. 

.29 

-9.00 

30,00  Sticrochirnroffius.SD, 

.2'' 

.4- 

58.00  FisidiuiTi.hensloiuaruiii 

.29 

12.80 

60.00  Pisidium.nitiduiTi 

.2<^ 

,92 

59.00  PiBidium.lill.eborg: 

.29 

-9.00 

49.00  Paratendipes.sp. 

.30 

1.50 

77.00  Sphae'-ium.striatiuTi 

.30 

.83 

81.00  Stylana.lacustns 

.30 

.% 

67.00  Potaniothnx.vejdovsiyi 

.31 

.5^ 

94,00  Tr.i9neir,annimyia,5p, 

.31 

1^.2' 

'•2.00  Na IS. communis 

.3' 

.3'- 

-^.00  5:a.:^a.anDPnd:cula-a 

.32 

.9t 

s.OC  Auiudrnus.pidueti 

.32 

^.e: 

53.O1O  =^iG'j?ti?lla.mirr,iranons;; 

.33 

.^H 

23,00  Oamniarus.'asciat'Lis 

.33 

,-: 

52, :0  P^yrel.a.gy-in. 

.(Ti.coi'ii:'"essuii 
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FIGURE  E-23:         SLC  PLOT  FOR  PCBs 


ir-E  E-33:  5Deci=5  3-C  Values 
TOC  (;:> 


P95  SPNO  SPECIES 


.f- 

-9.0C 

63.  DC 

.:^ 

1.05 

8-. 00 

.'': 

-9.00 

22.00 

.?: 

l.lo 

53.00 

1.02 

-9.00 

79.00 

1.0- 

-9.00 

40.00 

1.13 

-o.JC 

44.00 

I.IS 

3.75 

62.00 

i.;o 

-".00 

11. OC 

1.22 

-o.OO 

42.00 

1.31 

-5.00 

48.00 

1.38 

-9.00 

32.00 

1.40 

3.15 

71.00 

1.^3 

l.O' 

12.00 

l.-C 

2.40 

H3.00 

1.6^ 

5.24 

81.00 

1.77 

2.t3 

So.  CO 

l.-E 

-9.30 

74.00 

1.78 

-'.00 

69.00 

:.Q^ 

2.'^^ 

Ic.OC 

2.10 

3.66 

82.00 

2.14 

2,h7 

t.OQ 

2.16 

5.79 

57.00 

2.21 

2.4^ 

92.00 

2.22 

4,-3 

90.00 

2.  A* 

-9.0c 

37.0c 

2.45 

6.29 

55.00 

2.  it 

"".50 

13.00 

2.46 

-".CO 

28.00 

2.-:i 

-9.00 

15.30 

2.o2 

-9.00 

oO.OO 

2.^£ 

'\.hl 

31.00 

2.87 

7.08 

67.00 

3.Dt 

t.8t 

75.00 

3.05 

-°.-G 

'1.00 

3.12 

5.c5 

65.00 

3.55 

5.7- 

61.00 

3.91 

-9.00 

5O.0C 

3.93 

4.63 

52.00 

3.96 

-9.00 

33.00 

4.00 

-9.0c 

97.00 

4.02 

7.64 

64.00 

4,16 

10.05 

78.00 

4.18 

-.48 

58.00 

4.26 

4.84 

50.00 

H.:^ 

-.31 

10.00 

i.i3 

7.64 

23.00 

4.50 

5.10 

54.00 

-.58 

-=.oc 

2=.00 

-.6~ 

C^IC 

6t.00 

4.^;: 

-5.00 

H^OO 

Polypedilum.scalaertLm 

Uncinais.uncinati 

Eukieffenella.sD. 

Piguetiella.micriiganensi: 

Stenonenia.sc. 

Piysta:ides.sp. 

Nanacladius.sp. 

Pleijrocera.  acuta 

Ceraclea.sp. 

Nais.conmunis 

Pa'-alauterDoi'niella.so. 

Hud'-aotila.sp. 

Prostcnia.r'jbi"Uiii 

Chaetogaste'-.diaphanus 

Nais. variabilis 

Stylaria.Iacustris 

Turbeliaria.sp.indet 

ilavina.appendicuiata 

Pnstina.osoorni 

Cladctany tarsus. sp. 

Styloarilus.heringianus 

Auiodrilus.piQueti 

Pisidium.failax 

Spria=riuoi. simile 

Vejdovsk'uella.  inte'Tiedia 

Lumbnciilus.vai-iegaTus 

Pisidium.compressum 

Cheijmatopsycrie.sp, 

i-ielisoiTia.anceps 

Ciaacpelma.sp. 

Pisidiufii.nitiduiii 

hyd'cpsyche.sp. 

Po  t  amothri/i.vs  J  dovskyi 

Specaric.  josmae 

Eliiptio.corflaianata 

Pontoporeia.hcyi 

Pisidium.vanabile 

Pisidiua.conventus 

Physella.gyrina 

Ilyodrilus.tefflpletoni 

Hexagenia.hmbata 

PolypediluB.sp. 

Spirosperma.feroy 

Pisidiuffi.henslouianuB' 

Phaenopsectra.sp. 

Caenis.SD. 

Sammarus.fasciatus 

'^isidium.casei'tanuiri 

Heterotnssoclanius.sp. 

Pctafricthri;,.ino!davi8nE!5 

'aratenaipes.sp. 

Eo-ae':u",nitiauiti 


P90 

P95 

SPNC  SPECIES 





4.71 

-9.00 

24.00  Glossiphonia.'ieterociit 

4.72 

19.30 

l.iX  Ablabesmyia.sp. 

1.72 

-9.00 

2'5.00  SlDssosoma.sp. 

4.86 

6.61 

3.00  Amnicola.hiTcsa 

4.87 

7.43 

85.00  Tubifp".5c. 

4.90 

6.22 

88.00  Vaivata.sinrpra 

5.01 

6.62 

77,00  Sphaei"iijiTi,5triatij(ti 

5.41 

7.74 

8.00  Bithynia.tentacuiata 

5.56 

-9.00 

5.00  Auloarilus.lnTinobius 

5.58 

8.35 

34. CW  Limnodriius.rioffweiste- 

5.60 

-9.00 

47.00  ParacrnronodiLS.sp. 

6.04 

11.94 

73.00  Ouistadnius.multisetosi 

6.29 

8.24 

7.00  Aulodrilus.pleijriseta 

6.37 

8.99 

38,00  Hanayunha.speciDsa 

6.42 

7.80 

59.00  Pisidium.hlljeborg: 

6.43 

e.96 

93.00  Chironowjs.piumosus 

0.44 

11.16 

84.00  Thienemannimyia.sp. 

6.65 

11.68 

100.00  Tubifex.tubifex 

6.71 

8.49 

89.00  Valvata.tncannata 

7.06 

7.85 

18.00  Cricotopus.sp. 

7.24 

10.80 

70.00  Prcdadius.sp. 

7.24 

8.36 

27.00  Gyaulus. parvus 

7.39 

12.31 

20.00  C^yptoc^■l'"ono«J5.5p. 

7.59 

5.74 

35.00  Liinodrilus.sp. 

7.84 

8.70 

30.00  Hyalella.azteca 

8.22 

10.01 

4.00  Aseilus.sp, 

8.80 

9.74 

21.00  Dicrotencipes.sp. 

8.^1 

9.59 

26.00  Glyptotendipes.sp. 

8.98 

11.91 

14,00  C^l--ono»us.sp. 

9.74 

10.12 

46.00  Oecetis.sp. 

5.90 

12.02 

9o.OO  Helobdella.staqnaiis 

10.09 

23.09 

36.00  LiiT.nodrilu5.udel-em:anus 

10.27 

-9.00 

39,00  f'lcrotendipes.sp. 

12.17 

-9.00 

9.00  B'ancniura.sowe>-byi 

20.22 

-9,00 

17.00  Coelotanypus.sp. 

22.84 

-9.00 

80.00  StictDchirononiuE.sp, 
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s         i;  15         !•: 

se-jimefit  TOC  concecitration  ',■;' 


FIGURE  E-33:        SLC  PLOT  FOR  TOC 


TASLE  £-34:  Saeries 

SLC  Values  for 

^KN  <jg 

/gi 

P<?0 

P95 
-9.00 

SPNO  SPECIES 

2560.0': 

P05 

-9,00 

SPV)  SPECiE: 

25o.OO 

63.00  Polypedil'jin.scalaenuit 

91.00  Eilipnccoinpia-a--; 

:96.00 

775.00 

87.00  Lhicina:5.unc;Rara 

2630.00 

4345.00 

61.00  PisidiuiB.viriaPi.r 

fOQ.OO 

850.00 

53.00  Piguetiella.,'ni:r,igane'^5:5 

269C.0C 

3430.00 

52.00  Phusella.gyri-a 

540. OC 

-9.00 

79.00  Stenonema.sp. 

2690.00 

3395.00 

85.00  Tubitpv.s-, 

=50,00 

1800.00 

62.00  Pleuroce'-a.ac'jta 

2740.00 

5430.00 

59.00  Pisidiuis.hl;  euorz: 

630.00 

-9.00 

22.00  Euheffe'-ieiU.sp. 

2812.00 

-9.00 

80.00  Stictoc-irorcmu-:,;:, 

740.00 

-9.00 

44.00  Nanocladius.sp. 

28-20,00 

5130.00 

14.00  Criironomus.sp. 

770.00 

loOC.OO 

12.00  Chaetogaste'.aiaprianus 

2850.00 

-9.00 

5e.00  Pi5idiLi(i,.coPvert-i 

780.00 

1370.00 

42.00  Nais. communis 

2860.00 

-9.00 

17.00  Coelotanypus.ic, 

800.00 

-9.00 

11.00  Ceraclea.sp. 

2920.00 

5140.00 

7.00  Aulodril'js.p;?ur!?5-; 

880.00 

-9.00 

40.00  lystacides.sp. 

2950.00 

4300.00 

39.00  Valvata.tricar-.nata 

896.00 

-9.00 

37.00  LumPriculus.variegatuB 

3040.30 

57:'0.0C 

58.00  Pisidiuir,.n9n5loiuon.jT. 

900.00 

2125.00 

71.00  Prcstoma.rubruffi 

3130.0.D 

4165.00 

10.00  Caenis.sD. 

"20.00 

-=.00 

69.00  °ri5tina.ossorn: 

3150.00 

4640.00 

20.00  CrypTocMrorcmMB.iP, 

980.00 

1370.00 

31.00  Styiaria.lacustris 

3180.00 

-9,00 

25.00  Glossoscnia.sp.                    1 

1000.00 

158^50 

82.00  Stylodnlus.heringianus 

3200.00 

4575.00 

88.00  Valvata.sincera                  1 

1080.00 

1740.00 

43.00  Nais. variabilis 

3300,00 

4300.00 

70.00  Procladius.sp. 

1100.00 

-9.0C 

60.00  Pisidiutn.nitidum 

3350.00 

H815.0C 

3.00  Amnicoia.  iimosa                  , 

1130.00 

-9.00 

32.00  Hydroptila.SD. 

3420.00 

-9.00 

24.00  Glossipnonia.hetpfoclitf 

1160.0C 

1680.00 

57.00  Pisidiuni.falU^ 

3500. OG 

5160.00 

35.00  Lionodnius.sp. 

ll.iO.DO 

1570.00 

80.00  Turpellaria.sp.inde* 

3500.00 

-9.00 

76.00  Sphaeriuffi.nitidum 

li'SC.OC 

2C25.0C 

16.00  C;adctani:tarsus.sp. 

3600. GG 

-°.oo 

5.00  Aulodriius.  liirnoDi'js 

1300.00 

-9.00 

48.00  Paralauterborniella.sp. 

3750.00 

3990.00 

27.00  Gyrauius. parvus 

1300.00 

2250.00 

9-2.00  Sphaerian.siiTule 

3750.00 

-9.00 

47.00  Paracbi'OPoiryjs.sp. 

130C.3C 

-9.00 

97.00  HExagenia.limbata 

3820, OG 

5205.00 

"",00  Sp^aerluTl.5^'•l3t:u"■           1 

1340.00 

4380.00 

31.00  Hy dropsy rriP.sp. 

3830.00 

51C5.00 

8.00  Bitryraa.tentacLlj-          | 

1500.00 

2100.00 

i.OO  AulodnluS.piqueti 

3900.00 

-9.00 

"9.00  Paratendipes.rP, 

1660.00 

225G.00 

74.00  Siavina.appendicuiata 

3940.00 

5095.00 

93. OG  Cnironoinus.piij.'^osu; 

1810.00 

2255.00 

78.00  Soirosper.Tia.ferox 

4200.00 

4975.00 

30.00  hyalei:a.a:tec5 

1870.00 

-=.G0 

9.00  Brancrnura.sotserpyi 

4300, OC 

5I25.0G 

H.OQ  Aselius.so. 

1880.00 

2960.00 

67.00  PotafTctnrix.vejdovsf-yi 

4300.00 

5100.00 

21.00  Dicrotenoipes.sp. 

1880.00 

4oo0.0C 

75,00  Speca'-ia.josinae 

4750.00 

5575.00 

96.00  helobdeKa.stagral;; 

1890.00 

3015.00 

90.00  Vejdovsi^yelia.interiiiedia 

4830.00 

4955.00 

18.00  Cricotopus.sp. 

1900.00 

-9.00 

15.00  CladopelM.sp. 

494C.GC 

6540.00 

20.00  Glgptotrndipes,;;, 

1^00.00 

-9.00 

28.00  hehsoma.anceDS 

5100.00 

545G.0C 

^o,0G  Oec9-:;,;2. 

1900.00 

G^IO.OC 

64.00  Polypediluni.sp, 

5550.00 

-9.00 

39.00  f^icrotendipes.s:.. 

2040.00 

4060.00 

66.00  PotaBOthrix.moldaviensis 

2100.00 

3900,00 

38.00  Manayunkia.speciosa 

2100.00 

4560.00 

55.00  Pisidiuffi.coniDressLni 

2120.00 

4900.00 

36.00  Liiinodrilus.udecemianus 

2140.00 

-9.00 

33.00  Ilyodrilus.teinpleton: 

2240.00 

2940.00 

1.00  AblabesfTKjia.sp. 

2340.00 

4340.00 

84.00  Thienemapni.Tiyia.SM. 

2380.00 

39^0.00 

23.00  Gaitiffiarus.fasciarus 

2380.00 

3060.00 

50,00  Phaenopsectra.sp. 

2A0G.0C 

-7.0C 

29.00  HeterofissociadiuE.^p, 

2440.00 

3540.00 

13.00  Cheumatopsyche.sp. 

2^80. 00 

3600.00 

5'4.0C  PisidiuiTi.casertanuiTi 

2480.00 

6980.00 

ICD.OO  Tubifex.tubifpv 

250C.0G 

55«].0G 

to.iOi]  ^ontDPoreia.riQi: 

15.^.00 

3600.00 

:-»,00  .:mr"cri:'j5.r>nf*^!T,e;;-P'-: 

25^0.00 

3~2G . OC 

^3.00  'liuis'aC'ii'js.niui'ise-DSJ: 

25'*L'.uC 

-t^G.GG 

53, GC  Tary:3r5a£,5:, 
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FIGURE  E-3^:        SLC  PLOT  FOR  TKN 


'A2LE  E-35:  Species  SIC  Val 
TP  (ug/g) 


P90 

P95 

SPNO  SPECIES 

;87.0C 

-9.00 

9.00  Branchiura.souercyi 

oOC.OO 

-9.0C 

11. OC  Ceraclea.sp. 

600.00 

-9.00 

22.00  Eulneffenella.sD. 

600.00 

-9.00 

37.00  LuBb'icTuius.variecatus 

600.00 

-9.00 

40.00  tlystacides.sp. 

6i3fl.00 

-9.QQ 

79.00  Stenonema.sp. 

670.00 

-9.00 

<57.00  Hexagenia.liKiData 

680.00 

-9.00 

44.00  ^anocla(jlus.5p. 

700.00 

-9.00 

32.00  Hydroptila.sp. 

700.00 

1100.00 

62.00  Ple-jrocera.  acuta 

705.00 

770.00 

16.00  CladotanytarsuB.sp. 

710.00 

1400.00 

81.00  Stylaria.lacustns 

720.00 

840.00 

86.00  Tu'-bellaria.sp.indet 

740.00 

-9.GC 

69.00  Pristma.Dsborni 

760.00 

1250.00 

71.00  Prostoma.rubrum 

799.00 

-9.00 

42.00  Nais.coffidHinis 

852.00 

1238.00 

6.00  Aulcoriius.piqueti 

858.00 

-9.00 

48.00  Paralauterborniella.sp. 

880.00 

1166.00 

12.00  Chaetogaster.diaphanus 

885.00 

-9.0C 

74.00  Slavina.appendiculata 

890.00 

1100.00 

43.00  Nais. variabilis 

904.00 

1068.00 

31. OC  Hydropsucrie.sp. 

918.00 

2120.00 

67.00  Potamcthrix.vejaovskyi 

94C.00 

1340.00 

13.00  Cheuinatopsyche.sp. 

942.00 

1438.00 

84.00  Thienemanniuiia.sp. 

946.00 

-9.00 

28. OC  Helisoma.anceps 

980.00 

1375.00 

30.00  Hyalella.azteca 

996.00 

1415.0C 

52.00  Physella.gyrma 

1000.00 

1600.00 

38.00  Manayunkia.speciosa 

1008.00 

1270.00 

75.00  SDecana.josinae 

1031,00 

1510.00 

53.00  Piguetiella.michiganensis 

1049.00 

1615.00 

89.00  Vaivata.tncarinata 

1053.00 

1400.00 

83.00  Taiytarsus.sp. 

1085.00 

2142.50 

10.00  Caenis.sp. 

1100.00 

1402.00 

3.00  Amnicola.liiwDsa 

1100.00 

1466.50 

5^.00  Pisidiufti.casertanudi 

1120.00 

2000.00 

7.00  Aulodrilus.pleuriseta 

1132.00 

-9.00 

5.00  Aulodrilus.liinobiuB 

1140.00 

-9.00 

33.00  Ilyodrilus.tefflpletorii 

1150.00 

1400.00 

90.00  Vejdovskyella.interisedia 

1275.00 

1775.00 

88.00  Valvata.sincera 

1290.00 

1540.00 

23.00  6a«Mru5.^asciatu5 

12''4.00 

3121.00 

57.00  Pisidiu».fal!ax 

1308.00 

-9.00 

80.00  Stictochironoffius.sp. 

1330.00 

-9.00 

76.00  Sphaeriui.nitidu* 

1350.00 

1590.00 

37.00  Uncinais.uncinata 

1370.00 

1590.00 

27.00  Gyraulus. parvus 

1385.00 

1601.00 

K.OC'  Chirononus.sp. 

1398.00 

1600. OC 

20.00  CryptochironomtiS.sp. 

1400.00 

1^00. OC 

21. OC  Dic-otendipes.sD. 

1400.00 

1640.00 

26.00  Glyptotendipes.sp. 

1400,  >X 

1820. or 

55.00  Pisidiuiri.coir.pressufT, 

140C.CC 

-9.00 

60. CO  =;5iaia)ii.nitidu» 

P90 

P95 

SPNO  SPECIES 

1400.00 

1853.50 

65.00  Pontoporeia.noy: 

1400.00 

I7C7.QC 

75.00  Spirosperma.fe'o: 

1400.00 

2300.00 

82.00  Stylodrilu5.he'-ingia--5 

1419.00 

-9.00 

15.00  CladopeiM.sp. 

1420.00 

-9.00 

49.00  Para^endipes.sp, 

1430.00 

1730.00 

8.00  Bithuna.tentacuiata 

1436.00 

22^.00 

73.00  Quistadrilu5.mu;ti5e-os^; 

1449.00 

1800.00 

4,00  Asellus.sp. 

1473.00 

1555.00 

77.00  Sphaenum.stnatiuiii 

1480. OC 

2090.00 

59.00  Pisidiu-^.hlljeborg: 

1490.00 

2260.00 

92.00  Sphae'iuifi. simile 

1497.00 

1854.00 

34.00  Liinnodrilus.hoffffieiStE'; 

1500.00 

3812.50 

66.00  Potaniothrix.molcaviensiE 

1505.00 

-9.00 

17,00  Coelotanypus.sp. 

1520.00 

-9.00 

63.00  PolypediluRi.scalaenuin 

1530.00 

2300.00 

61.00  Pisidiui.variabile 

15^0.00 

-9.00 

24.00  Glossiphonia.heterocliri 

1580.00 

1880.00 

64.00  Polypediluji.sp. 

1615.00 

-9.00 

56.00  Pisidiua.conventus 

1616.00 

2993.50 

93.00  Chirono«u5.plu»osus 

1625.00 

1830.00 

70.00  Procladius.sp. 

1670.00 

-9.00 

47.00  ParachironcNius.sp. 

1700.00 

1800.00 

46.00  Oecetis.sp. 

1740.00 

-9.00 

29.00  Heterotrissocladius.sp. 

1751.00 

662^.50 

36.00  Litinodrilus.adei--emiaru9 

1760.00 

1800.00 

96.00  Helobdella.staGnalis 

1800. DO 

2775.00 

35.00  Li.Tinodnius.sp. 

1800.00 

-9,0C 

39.00  Mic-otendipes.sp, 

1930.00 

2780.00 

1.00  Ablabesmjia.sp. 

1980.00 

2'^5.00 

85.00  Tubifex.sp, 

2020.00 

3120.00 

50.00  Phaenopsectra.sp. 

20-20.00 

5796.00 

58.00  Pisidium.henslouanuTi 

2060.00 

-9.00 

91.00  Elliptic. complanata 

2310.00 

3450.00 

18.00  Cricotopus.sp. 

2470.00 

7502.50 

100.00  Tubi^ex.tub-f9" 

3440.00 

-9.00 

25.00  Glossosoma.sp. 

TP  iLC  PLOT 
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FIGURE  E-35:        SLC  PLOT  FOR  TOTAL  PHOSPHORUS 


TABLE  E-11: 


SCREENING  LEVEL  CONCENTRATION  (5LC)  VALUES  CALCULATED 
FROM  A  COMBINED  DATA  SET  (MOE  +  COE  +  OTHER) 


Screen 

ing  Level  Concentration 

Existing  Guideline 

(ur/r) 

Contaminant 

Bulk 
(ug/g) 

Normalized 
by  TOC 
(ug/g  C) 

X 

(ug/g) 

MOE^ 

U.S.  EPA 
Region  V^ 

WDNR^ 

Arsenic 

5.5** 

713** 

29 

8 

3 

10 

Chromium 

25.6 

if  ,022 

161 

23 

23 

100 

Copper 

16.if 

2,346 

102 

23 

23 

100 

Iron  (%) 

2.1 

# 

- 

1 

1.7 

- 

Lead 

31.7 

2,936 

117 

50 

40 

30 

Manganese 

46^ 

27,7^*3 

1,110 

- 

30 

- 

Mercury 

0.17 

12.if 

0.49 

0.3 

1 

0.1 

Nickel 

15.0 

2,288 

92 

23 

20 

100 

Zinc 

121.6 

13,690 

348 

100 

90 

100 

PCBs 

0.127** 

6.7** 

0.27 

0.03 

10 

0.03 

Phosphorus 

600 

- 

- 

1,000 

420 

- 

TKN 

5^5 

- 

- 

2,000 

1,000 

- 

TOC  (%) 

1.0 

- 

- 

- 

- 

- 

Open  water  dredge  spoil  disposal  guidelines  (Persaud  and  Wilkins,  1976). 

Guidelines  for  the  poUutional  classification  of  Great  Lakes  harbour  sediments  (U.S. 
EPA,  1977). 

Wisconsin  Department  of  Natural  Resources  interim  criteria  and  guidance  criteria  for 
in-water  disposal  of  dredge  materials  (Sullivan  etaL^  1983). 

*     TOC-normalized  SLC  for  iron  greater  than  g/g. 

**  Based  on  MOE  In-Place  Pollutants  data  TOC-normalized  SLCs  for  arsenic  and  PCBs 
are  437  and  4.1  ug/g  C,  respectively.  Bulk  values  are  5.5  and  0.029  ug/g, 
respectively. 


